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» as it passes usly. Strip moves thr 
hamber heati chamber at the rate of 
furnace is ‘ minute. Similar SC furn 
lr, using single annealing of 
pressure velocity SC silicon strip in a contr: 
ming 680 C.F.H. of phere have been installed recently 


OO Btu, « é For further particulars call or write 


SURFACE COMBUSTION CORPORATION, Toledo, Ohio 


Builders of ATMOSPHERE FURNACES 
and HARDENING, DRAWING, NORMAL 
IZING, ANNEALING FURNACES for 
CONTINUOUS or BATCH OPERATIONS 
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Large Stocks...Uniform High 
Quality.../mmediate Shipment 


@ Ryerson enters the New Year with Ryerson Stock List containing complete 


large and complete stocks of Certified information on all steel products. 


Hot and cold rolled carbon and alloy bars, bar size and struc- 


Steel on hand for immediate shipment. 


tural shape s, wide range of analyses in plat s and sheets, boiler 

\\ hether you nee d a pound or a Cal load, and mechanical tubing. tool steel, rivets. bolts. nuts. ete on 
. . . > > 

quick personal service 1s assured. Joseph | R verson & Son, Inc Plants at: Chic ive Mlilw sihee, 

St. Louis, Cincinnati, Detroit, Cleveland. Buffalo Philadelphia, 


@ We shall be pleased to send you the Bostan, Jersey City. 


RYERSON STEEL-SERUVICE 
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HARDENABILITY OF 


grawth of 


the concept 


‘i HARDENABILITY PROBLEMS of today 
have arisen largely as a result of the 
development of modern manufacturing meth 
ods. Until about 25 vears ago, the heat treat 
ment experts were the tool hardeners. Many of 
these men knew the importance of the degree ot 
hardness, the penetration of hardness, and the 
fineness or coarseness of the fracture. They 
knew that different lots of toolsteel of the same 
carbon content behaved differently in these 
respects, and perhaps others, and ascribed such 
behavior to a mysterious quality known as 
“body”, supposed to be determined at least in 
part by the kind of material used as melting 
stock. Much, but not all, of this quality of tool 
steel called “body” is really comprised in what 
(Note that “body” 


Was associated with raw materials and melting 


we now call “hardenability”. 


practice, and hence with individual melts o1 
heats of steel.) 

It was largely the growth of the automobil 
industry, and then the World War, which 
resulted in the mass production of heat treated 
parts made of hypo-cutectoid steels. Mass pro 


duction meant the purchase of steel in heat lots. 
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By Robert 8%. Archer 


lt also developed equipment and methods for 
treating large numbers of pieces of the same 
shape and size according to definite cycles of 
time and temperature. Such uniform treatmes 
should have produced uniform propertis re 
viding all pieces of steel bought to the same 
chemical specifications had behaved alike 
heat treatment but they did not. Nor did the 
variations in chemistry permitted by the specifi 
itions seem to explain the observed differences 
An early comment of interest in this connectior 
is that of H. C. Loudenbeck in the first volume 
of our own Transactions who, in an artich 
“Necessary Precautions to Obtain Uniformity 
the Heat Treatment of Steel”, attributed the 
failure of a certain heat of 0.36 irbon steel 
to harden as well as usual to the presence of 


“more than traces of aluminum 


It was the early work of McQuaid 
th 


discussé ad 


at length on pae Mt oof 


~ 


ti 


ce 


SSLI¢ 


the cause of soft spots in carburized parts ¥ 


led to intensive studies of 


} 
} 


; 


steel mal 


| 


i! 








ipplication. They found that soft spots after 
hardening were associated with a certain form 
ind distribution of the carbides in the case and 
described this structure as “abnormal”, It was 
soon recognized that their “abnormal” struc- 
tures were often associated with fine grain. 
Steels began to be rated according to “grain 
size” as found in the McQuaid-Ehn test (© 
Metals Handbook, p. 580). Steels of the “fine- 
erained tvpe” were known 


to harden less deeply than 


month’s Mera Progress, page 695), but the 
MeQuaid-Ehn test at 17007 F. 


used. Steel rated fine grained in the latter test 


is still generally 


is also fine grained at the lower hardening tem- 
peratures, and therefore behaves as expected. 
Steel rated coarse at 17007 F. may, however, 
be fine at low hardening temperatures, and may 
therefore harden less deeply than expected. 
There are many who do not believe that the 

depth-hardening property 


of steel is entirely deter- 





‘ained”™ steels of 


mined by ordinary chem- 


“Coarse-gt 
the same composition with a istrv and austenite grain 
I’ used to be said that a steel : ah 
respect to elements com- had “body if it hard ; size, even when this grain 
_ ody Uf it hardenes size is determined for the 


monly determined, Other 
veneralizations were pro 
claimed which were, pet 


haps, too broad to be true 


deeply and recovered toughness 
on tempering, and this quality 


was supposedly 


actual hardening condi- 
tions later to be used. 


the result of Until recently, the 


without some qualifica undefined “wood practices im effects of chemical com- 
tion \mong these are: steel making. & Past-Presi- position and of austenite 
“Fine-grained steels” show dent Archer now tells how some srain size had been known 


~ 


(1) smaller distortion, 


(2) vreater toughness 


in impact, (5) poorer vot practice 
machinabilitvy, (1) more 
rapid spheroidizing, and 
(>) less rapid carburizing. 

Note 


“inherent grain size” was 


ain that the 


ag 





of this fog has been cleared by 
correlating the refining and in- 
with hardness 
measurements across a quenched 
sample of the resulting steel and 


with its metallography. 


only in a qualitative way. 
Many metallurgists there 
fore carried out actual 
hardening tests on each 
heat of steel before using 
it for work requiring close 
control of hardenability, 


usually on specimens sim- 








usually considered a char 

acteristic of a heat of steel. 

Steel mills rather quickly learned how to make 
steel of the coarse-grained or fine-grained type, 
as judged as the MceQuaid-Ehn test. The meth 
ods employed were not at first made public, but 
it soon became known that the fine-grained type 
was made by adding more aluminum, usually 
fo the ladle. At least one steel melter, John 
McConnell at Interstate Iron & Steel Co. Chi 
cago, Was consistently using large aluminum 
additions in 1919 to make his steel “tough” 
although he probably didn’t consider his results 
in terms of austenite grain size. 

Bain and his associates, in an article 
“General Relations Between Grain Size and 
Hardenabilitvy and the Normality of Steels” in 
Transactions &, 1931, have shown that it is the 
atustenil ‘ain size at the time of quenching, 


rc 


; 
ul 


rather than the s@mnherent rain size of the 


McQuaid-Ehn test, that determines the depth of 


hardening on quenching a steel of given analy 
sis. For this and other reasons the American 
Society for Testing Materials has tentatively 
established a specification to determine grain 


size at normal hardening temperatures (see last 


ilar in size to the parts to 
be made and duplicating 
as nearly as possible the heating and quenching 
conditions of the particular commercial prac- 
tice. Results were appraised by measuring the 
hardness at the surface, at the center, or at half- 
radius. Such tests resulted in the accumulation 
of a great deal of specific and uncorrelated data. 
A steel found suitable, or otherwise, for a par- 
ticular part with respect to hardenability, could 
not with assurance be approved or rejected for 
some other machine part. 

It was evidently with these conditions in 
mind that two papers were presented at the & 
1937 Convention. One entitled “A Hardenabilits 
lest for Carburizing Steel” by Boegehold and 
Jominy offered a method for the quantitative 
determination of hardenability and gave results 
for many steels, mostly of the allov carburizing 
ivpe. It was pointed out that the quenching rate 
necessary to develop full hardness in the cat 
burized case particularly of S.A.E. 1620 (1.75 Ni, 
0.25 Mo) was not adequately indicated by chem- 
ical analysis and grain size. The other paper on 
“Quantitative Hardenability” by Burns, Moore 


and Archer proposed another ivpe of test for 
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the quantitative determination of hardenability 
and gave results for many plain carbon steels of 
various carbon contents. These authors con 
luded that for steels of this type, given a prior 
normalizing treatment, the hardenability could 
be predicted from chemistry and grain size with 
i degree of accuracy satisfactory for most prac 
tical purposes. Grain size was determined at 
the time of quenching as well as at 17007 F. The 
study did not cover carburized specimens. 

The terms “hardness” and “hardenabilitw” 
have been used above without definition. If 
further evidence were needed that “hardness” 
s not a fundamental property, it was amply 
supplied in the “round table discussion” on 
hardness and hardness testing at the last con- 
vention, which drew editorial comment = in 
Merat Progress in November (page 554). It is 
well known, of course, that our various “hard 
ness” tests measure complex combinations of 
properties and hence do not parallel each othe: 
exactly 


Rockwell ¢ 


We have seen specimens of steel with 
values in the fifties which are file 
ard, while others can be filed at 60 or highet 
In studving the hardening characteristics of steel 
we must, therefore, remember that results 
expre ssed in terms of a specific “hardness” test 
might not find exactly parallel expression in 
terms of some other test. We would perhaps 
ivoid some confusion if we would refer to the 
various tests merely by name without mention 
ing hardness, giving only Brinell numbers, Rock 
weli numbers, scleroscope numbers, and so on 

The term “hardenabilitv” likewise cannot 
be defined as a definite fundamental property of 
i steel, at least for the present. The duty of the 


lexicographer is not to create the meaning of a 


word, but to record the meaning or meanings 
intended by those who use it. This meaning is 
not vet stabilized or consistent. To some, hard 
enabilitv means surface hardness; to others, the 
ease of obtaining a surface free from soft spots; 
to others, the depth of hardening. This depth 
nav mean the depth of full hardening, the depth 


shown by ele hing 


~* 


or the depth at which a cet 
tain Brinell or Rockwell number is reached 

It was shown by Burns, Moore and Arche 
in the paper last mentioned that the Rockwell 
(. value for martensite is determined by its car 
bon content and is affected very little by its con 
tent of small amounts of the allov elements 
It is now possible to determine the maximum 
Rockwell C value for a steel merely from. its 
carbon content. The tendency for the steel to 
form a fully martensitic structure at anv given 
point, including the surface, depends, however, 
on those factors which affect 


depth of harden 


hie llence, TPaathN would like lo include Sore 


measure of surface hardness in thet conception 
of hardenabilits 
In view of the facts that adesp le mnpre ead 


stee] making control there ire occasitonal heats 


that do not harden in the expected manner, that 


various tests are in actual Ist determine 
hardenabilitv, that even the nomenclature 

somewhat confused, md that fundamentalls 
new concepts have been est iblished ‘) tive 


mechanism of hardening, especially of trans 
formation at constant, clevated temperature ! 
timely series of discussions was organized at thi 
GS Convention in Detroit last fall this Svm 
posium on Hardenabilitv. will be reviewed at 
considerable length in a pair of articles in suc 


ceeding issues of Mierart Progress 
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IGHT WEIGHT FREIGHT CARS 


of leteyie strength, 


baw alley steel 


I AILROAD MEN generally are keenly 

aware of the fact that the average pay load 
in freight cars tends to decrease steadily. 
Innumerable less-than-carload consignments 
are now carried by the automobile truck, vet 
the proportion of cars in LCL traflic has not 
decreased proportionately, Some of the bulk 
commodities like coal are being handled in 
smaller lots, purchasers declining to carry any 
more than enough for immediate needs. The 
trend toward small loads has therefore required 
extraordinary efforts to combat. For instance, 
car loadings in Class I railroads steadily 
decreased from an average of 29.3 tons per car 
in 1920 to 25.6 tons per car in 1933, and then 
recovered slightly to 26.0 tons in 1935, 26.8 tons 
in 1936 and 27.1 tons in 19387. Meanwhile the 
weight of the average car had increased from 


20.1 tons in 1920 to 22.8 tons in 1933 and 23.7 
tons in 1937. Less freight was being hauled in 
bivver, heavier cars. 

Faced with this trend, the operating men 
endeavored to perform more transportation 
service with each car by speeding up the trains 
(15.9 miles per hr. for freight trains in 1933 
agaiast 11.9 in 1920), but the ratio of car weight 
to contents was so high that it became obvious 
that too much dead weight was being hauled 
around the country. 

Such a situation forms the background for 


By Ernest E. Thum 


Editor. Metal Proar 


a statement in 19314 from Railroad Coordinator 
Eastman, containing the following specification 
for a modern freight car: 

“It must weigh less than a fifth of its maxi- 
mum load but be strong enough to pull 1000 times 
ils own weight 

“It must be designed to carry any kind of 
freight anywhere any time 

“It must be made shock-proot by various cush 
ioning devices 

“It must reduce friction by some form of rollet 
or ball bearings 

“It must have facilities for loading and 
unloading from any one of the six sides 

“It must be so constructed that the car body 
can be transferred easily to a truck chassis.” 

Such an all-purpose car is admittedly ideal 
(railroad men might call it “surrealistic’) and 
some attempts to design cars to fulfill simul- 
taneously more than two of these objectives, at 
a price, have failed. However, there was some 
chance that the first specification could be 
approached, namely, load five times the weight, 
for the railroads had carefully studied designs 
and had passed the 3 to 1 ratio with mild car 
bon steel. The 5 to 1 goal could probably be 
reached if and when the steel industry could 
offer corrosion resistant materials of higher 
strength at reasonable cost. Competing trans- 
port on highway and in the air had already 


developed the principles of light weight design 
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ength weight ratio, but it was all but Impoas i CCl cle 
le to adapt this to railroad practice, nor was vid e first 1 lly 
v fortheomu to pav the large pr st ' 
for such spe il materials Servic ( ( 
tl ih railroad men could not iccepl Were do] 
dical id expensive innovations especially Pecaltima d @) 
erchangeable with existing equipment 1034. of 4 
\ id lo been studving thre problem a] called ( ‘ cle | \ 
standard freight car through the America | ‘ | ~ 
\ssocialio now the Association of (Co. made 100 D 
\ Railwavs (A.A.R.) lts Committe Mt. Ve ( \l ( 
( Construction had carefully analyzed the itor nM) 
eS fa box car and in the late 1920's about steel replaced by 5300 
(MN of these standard cars had been built manganese ste (a sn { Jt) 
( dolas mia hopper cars were also unde BAO rs were | ler i { 
re | scrutiny by 1930.) It must be said, how car weigh 1.200 Ib. f dl 
ver, that in these studies the emphasis was 137.800 (total 169.000 1h ead of AI 
efinis the design, eliminating prove the ALAR mot ery 7 
s of weakness, and stiffening the floor svs Pressed Steel Ca { ‘ 
d center sill, rather than upon saving (30.000 Ib. for 139.000) load. lin S 
it n truck or car body Low carbo loaded we lit iS tine (10% } 
{ il steel was the accepted material: resulted f t the rat | T ‘ 
ito le init) stresses im Oe 
based I 16.0000) rnd 1 { { 
sale load in ten Stool ¢ { 
naadiraiaean fe (BORATE tests and : if 
made for the 4 expertence indicate that ent ALAR 
vact of butling other inh Col 
a supertot freight car can be 
ina requirement that | ible approa 
milt at competing — prices 
( enter sill must itor Eastma 
a ae wit tea ol weighing » tons less than 
250.000 Ih a tte conventional designs. and over —— ae 
ipproached the elastic 10,000 have already been built. man-Standard Cat 
limit of coupler and {bout one quarter of all neu ith = lhe . 
drawhat Load limit and rebuilt cars use some of wood lined | 
pay load plus car) was the high strength. low alloy the A.A.R. standard 
bv interchange rules steels in body or underframe. sions and comp 
169.000 Ib. on four methods, except tl 
les with ) 10-in. figured for ai oh 
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\s a result of these studies. re ported too thre is two | rds greater | li | 
LAR 152. if became apparent that no more Likewise three quartet { the 
mout 2000 Ib. could be shaved off the velded llavil Vie ’ probal f ‘ 
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1O30P MAN STANDARD AVAL 
Box Car Box Cals 
\ cent ill 16.96 squi 21.20 sq. 
| } idle sheets 0h at O10) 
Phickie end sheet j i 
| ‘ rool Uo] lo gave galva red 
Wi t f trucks 3.460 Tb 15.700 1b 
Weil bod 20.240 Tb. 28.400 Ib 
Potal dead load 6200 Tb 4.1001b 
Cubie capacity S384 cu.ft 3311 cu.ft. 


In the trucks 680 Ib. was saved by using the 
light weight, chilled iron wheels recommended 
of Chilled Car Wheel Manufac 


Couplers and vokes were of high tensile 


by Association 


turers 


cast steel and strength 


Considerable rigidity 


was achieved by attaching = stiffeners, dia 


phragms and tie plates (bv welding) at inter- 


sections of body bolsters. end sills, and floor 
beams with the center sill, thus making all 
crossmembers continuous beams. In short, 


ol 


specialties 


many conventional features construction 


were disregarded = and (such as 
patented doors, end designs and roofs) elimi 
nated wherever possible, 

Mt. Vernon Car Co. ot 


high strength steel over the A.A.R computations 


also race il box car 


The Railroad Still Ca 
A/most 








ry | 


/ ) 
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and with riveted construction throughout In 
effect this was an A.A.R. standard box car, 
scaled down in thickness of steel sheets and se« 
tions to take advantage of the added strength 


of the alloy steel It weighed a total of 356.100 
Ib. By comparing with the special welded cat 


just described, riveted construction was appat 
a ton of extra details 
tested thre 


1) reference points 


r nth responsible fo 


These cars were by measuring 


relative position of nearly 
when the car was empty, loaded to capacity, 
and after being struck by a standard car (also 
loaded) at various speeds from 2 to 16 miles per 
better than 


fol 


hr. The riveted car behaved rathe 
the 


damages received at high speed impact the Mt 


welded one, and after minor repairs 
Vernon car was put into regular railroad service 
where it still is. 


Phe A.ALR. 


on the 


l Static 
than in the A.A.R 

the 
loads, but not beyond satistactory limits 
Z Some 


commiuttec reported on these 


Pullman welded car as follows 


the light 


as would bye 


tests 


deflections were greater in 


cal standard design, 


expected irom smaller sections and heaviel 


failures after impact at welds and in 


Si he dule Ss 
Railroad 


Trains Bie iii (Jperated on 


Pe nnsulvania 














d plates were duc to improper welding technique 


part lo economica 
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Root and side sheets buckled on account of iT eliminat . par . . 
sufficient stiffness (stiffeners placed too tar apart issociated royalties) 
| .05-in. sheet Progress | vard Ul 
| Coupler and shank is not still enough marized in the attached tabl Cre ‘ de 
ts bending under impact caused much damage to Ne ht is the sam nm oall mite rnd TOOL 
’ ndertram Ih) Note wlsco that the | ' ( 
Utilizing the information gained in this heavier than the open | hoppe irs , 
iv. a careful revision was made in the design oned earhet this articlh ilso note the ea 
f details and another 
bo was made by 
DOX Cal Progressive Weight Saving 
Pullman-Standard in 
37 with welding ‘ 
Box \l Dresia’ if \\ — 
| | 
equlprnie nt deve loped 
espe ally for this serv- 
| U.S. Railroad 
ct md SsnHown in} thre Ad inistrati i18 { ‘ 
ews on the next two 4-A.R. standard 30 14.20 . 
paves, and tested in a Bk ORE Not ' 
Mit. Ve Car ( rst (4 j 9 
similar way However, 
A.A.R large cal ; } fib) ‘ 
! thre sec tests the Pullin Standard * 27 . Ran) XN _— 
stresses were measured 
‘ *San sie ‘ Sit is A.A,I é } 
DN 121 cle | orest strain coatalihe vel dnanne ; 
wes attached to the 
Structure Numerous lmnpact tests were made lp rovenmnr niin weight as measured in term | 
mn this car. loaded to capacity, and struck bv a volume. sine much tre ht is too bull | 
oaded A.A.R 1932 car at speeds up to 13.3 deve lop the load limit 
niles hr. (an exceedingly destructive test). It would appear demonstrated that ( 


pel 


Official findings may be summarized as follows 


he stresses under impact are about the same 

at corresponding potnts in both the welded and the 
lavier Slandard cars, but are lower in proportion 
to the vield point of the alloy steel used in’ the 
hehter car Yield point in the strong steel is 50,000 
psi., and 30,000 psi. in the carbon steel Phe high 
st stressed point in the underframe exceeded the 
vield point at 9S miles per hr. impact in the light 
ind at 7.8 miles per hr. in the standard eat 
‘ Ipiel Shanks reached their vield pom il PERL p dar ts 
! 4.5 miles per hr The standard car is figured 
it 1 200,000-Th. load at the ends of the sill: this 
upuled allowance was exceeded at the lowest 
speed of impact (2.1 miles per hr.) and mounted | 
679,000 Ib. at 10.8 miles per hr. Since actual stress 


neasurement is a better basis for design of main 
embers and details to resist bufling stresses, the 
itter are found to be very much greater than the 
Static stresses assumed as the basis of the old 
lesign 
Since there was no evidence of failure o1 
distress at anv of the welds, the Committee 
ertified that the light weight welded car was 
it least as good and safe a car as the A.A.R 


stated 


builder 


at it would cos! no more than the conventional 


Standard car. Likewise the cat 


thy 


riveted car (due in part to less raw material, in 
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to American railroads 


ivallable 


ars are now 
which we h nearly 10.000 Ib. less than the « I 
ing ones On the basis of 11.000 miles ye cul 
per vear al 1 mull per lo mile (both ¢ ’ } 
lively estimated by Ralph Budd. presiads { 
the Burlington Lines). the cw | ht cars rtital 
theoreticalls St MDD pel ear ie mera 
than heay Ones ilth ly thy i | 
probably not be visible « ¢ ledge . 
considerable Iractiol ol ce eg meni ‘ 
converted lloweve ould ert { 
result in any as | ill ma ( ‘ 
cars can be had at ne idditional first st. ther 
sa certain advantage to ly i ead row thre 
rdded pay load pet iv that ld frequentl 
be possibl 

Are the railroad lerested 

eit mswel depend Live 1) 

\ rep I ft the Comunittes t.ar ( sti 
tion to the Association f Ame Rails dl 
shows that i total of Zit) re in | 
were pul into service bn a April 1, Tos ‘| 
Mav 2, 19337 Of these 150 were leht ‘ 
box cars mad 1700 vere | { ( hit ppetr 
cars llowevel these iT ine rel lived 

is built to the L.ALR. basi ale Nore 
recently 200 box cars, all elded ere | lt | 











Pullman-Standard, primarily for testing under 


service conditions on a number of Class I rail 
roads. Mt. Vernon Car Mfg. Co. built 900 freight 

is of allov steel in 1937, including 500 auto 
mobile cars for the Chicago and Northwestern 
Railway Co. cach saving 7900 Ib. from the origi 
nal design Ihe Milwaukee Railroad and the 
Cnion Pacific also scheduled a notable numbet 
of alloy steel cars for their own shops (15000 and 
2000 respectively) \t least 1000 other cars, 
each saving on the order of 1 tons, have been 
built to designs other than the A.A.R. standard 
vrand total of 


=~ 


\s i whole. however. this 
perhaps 10.000 cars in two vears Is not an 
impressive record for the American railroad 


industry, which should replace about 100,000 


MT. VERNON CAR MFG.CO. 


\) a On Oe. @ 
rsyelere) 


Cary weov5etes 
LD Lael Lgeeeret me 
uw roQvOn 


First Standard Box Car Using High Tensile, 
and Underframe Built by Mt. Vernon Car 


cars every vear, Just to keep abreast of deteri 
oration in their 2,000,000 units. It is almost 
impossible to estimate the number of cars. 
including those being currently rebuilt or exten- 
sively repaired, which are using considerable 
quantities of high strength steels. Certain it is 
that the railroads have gone further in the adop- 
tion of these new materials than any other 
industry. 

\ more encouraging sign is that a sizable 
fraction of all new cars. sav one quarter ol 
them, now have some high tensile steel in them. 
Present practice tends toward the use of thinner 
sheets of high tensile steel of good corrosion 
resistance on the sides, which saves a little 
weight as easily as possible. Of course, there 
are numerous other designs where the special 
steels have been used in the underframe where 


standard car steel was used in the sides. Like- 





wise 0U different designs of light weight carbon 
or alloy steel truck side-frames and _ bolsters 
have been approved since early 1956 by the 
A.A.R. and at least 20.000 cars so equipped 

A little arithmetic will indicate the eco 
nomics of the case mild carbon steel versus 
high strength, low alloy. steel assuming no 
extra fabrication expense: The base price of a 
typical low alloy steel is roughly 15‘ more than 
mild carbon steel, copper bearing; however, the 
inevitable extras for size, finish, straightness 
and special sections are the same (per pound) 
so the actual cost is about one third more. If 
the side sheets in an open-top car can be cut 
from in. carbon steel to !,-in. allov (as they 


can be safely and are when the corrosion 


LIGHT WEIGHT CAR 


VSS COPTEN Wer 








Corrosion Resisting Steel Throughout Body 
Vig. ¢ 9410 lb. saved in wetght of body 


resistance and vield point are twice as high), 
there is a 9° saving in the first cost of the steel 
going into these portions of the car. Lighter 
steel means more adequate stiffening, and this 
would make the two designs break about even 
in cost In box cars (wood sheathed) the side 
sheets mav be 0.06 in. instead of 0.10 in. and the 
saving in cost is higher 21‘. on these details. 
Under these circumstances it is obvious why an 
unknown number but many thousands of freight 
cars are absorbing sizable amounts of the new 
steels, even though relatively few new cars are 
pushing the matter to its logical conclusion, 
One might inquire whether strong. steels 
may not be produced at a cheaper base price 
\side from the expectancy that prices will drop 
gradually with increased tonnage, the possibil- 
itv of lower cost steels depends primarily on 


the use of less expensive alloving elements and 
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smaller percentages of them. Less expensive 
varieties of high strength steels would therefore 
depend on extra carbon, silicon and manganes 

ind sometimes copper) for a high vield point; 


such compositions are slightly air hardenabl 


ind are not as weldable as the lower carbon, 


ly ol l illove d ste Is. Likewise their corrosion 
esistance depends on their copper content and 
s no better than mild carbon steel with opti 
num copper (0.20%. ), Consequently — thes 
heaper strong steels are more properly con 
ned to car parts where welding is at a mini 
tum, Where they will be reasonably well 
protected from the elements, and where the 
required thicknesses for strength will give 


unple section for corrosion resistance, 


Possibilities in Near Future 


In view of the present reluctance (or impo 
tence) of the railroad industry to plunge into a 
thorough-going program of weight saving, it is 
rather pointless to discuss ways and means of 
further refinement in design or of the use of 
more expensive metals of higher strength 
weight ratios. For instance, the strain-gage 
tests on cars under collision at the higher speeds 
(up to 13.3 mi. per hr.) indicate that the center 
sill the direct backbone of the cat takes the 
mpact of builing stresses, and the other mem 
bers of the floor svstem are stressed !, to as 
much Refinement to design against collision 
stresses would therefore involve added strength 
in the sill at the expense of other members. Ot 
the other members the body bolsters are the 


critical parts. These and various parts of the 


Interior of New 


lrranged for Assembly of Car 3B 





Fretght-Car She 


truck could bye made ot heat tre ited illo, steel 


castings, although it is doub lif much weight 
could be saved over a welded design ust high 
strength steels lhe body might be fturthe 
refined by utilizing the aircraft monocoque 
stressed skin COUSTPUCTIO mul | s Wi lal 
involve much additional expense in gett ma 


maintaining necessary tlathess, nor we 


lo resistance against impact this connect 
Win. H. Mussev. research ¢ wer of Pullma 
Standard Car Mfg. Co states that further 
weight savings are possible over the tinal des 
noted in the table on parce os) poral face side 
ible increase in cost In one mem rho i 
100-Ib. saving could be made | il st ol si 
ind this was judged to be too great a premiun 
rust al present 

In the light of these facts, a CSS might be 
hazarded as to the future trend Railroad 
executives are generally conservative met 


j 


possibly an inseparable attribute to men of con 
siderable responsibility but it is no less tru 
that they are compctent md serpous-minded 
An, comparison of present-day ‘ pient with 
that of 10 vears ago will prove that there ha 

been innumerable improvements adopted and 
larger and better equipment bought at advanced 
industry con be convinced 


prices ones thre 


that the new equipment will pay its own w 


Transition from wood cars to steel ones w 
achieved over night: neither will the transition 
from carbon steel to alloy steel Lhe tre ht car 
of 1950 cannot help but be all welded of allo 
steel; however, it will develop) slowh evel 


prec meal with revisions and substitutions 


each detail as its merits are prove 










































SAUVEUR MEDALISI 





Candid camera shot by H. H. Harrts 


Harry Winchester McQuaid 








N PRESENTING Mr. McQuaid to the assem 
j bly for presentation of the Albert Sauveur 
Achievement Award for 1938, Edgar C. Bain, 
the senior past-president @, used the following 
words: 

Harry McQuaid can scarcely remember a 
time when, as a boy, he did not feel contident 
that he would be an engineer. At the age of ten 
vears, he undertook an ambitious, though pet 
haps not quite perfect, survey of his father’s 
farm near Englewood, N. J.. where he late 
ittended high school. Years later, at Stevens 
Institute of Technology, he learned that more 
mature engineers also had their difficulties with 


the error in closure of the traverse. 


\fter receiving the bachelor’s degree in 
mechanical engineering at Stevens Tech in 1913, 
he found himself taking care of the power plant 
it the United Piece Dve Works at Lodi, N. J.. 
ind soon after engaged himself with problems 
n the application of heat: “Soldering irons to 
soaking pits.” MeQuaid laconically explains this 
early activits 

In the autumn of 1915 he became night 
foreman of the heat treating department at 
limken Koller Bearing Co. in Canton, Ohio, 
fanding guard against the old enemies soft 
spots md cracks in casehardened parts ler 
his experience widened as he was successively 
lectrician on the electric furnace installation. 
ind later help r In 1918 he went to the metal 
irgical laboratory where much of his important 
work, mentioned in the citation for this Award. 


is done Svstematically following individual 


tts as to hardening characteristics and micro 
structure, he mad the observations which 
esulted in his now familiar coarse and fine. 
rinal and abnormal basis of classifving steel 
mm MeQuaid’s reminiscences of those davs 
¢ learns that thev were exciting ones, of well 
‘led hours under the inspiring leadership of 
ite Mark | Lothrop, lo whom he acknowl 
dges a great indebtedness. 
In 1920 Erik W. Ehn joined the laborators 
staff and one may infer from McQuaid’s account 
iat the partnership of McQuaid and Ehn was 
ippily one of mutually complementary abil 


es. By 1922 the concept of microscopi diffe 
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ences in slowly cooled carburized specimens, as 
between heats of inferior and heats of superiol 
hardening capacity, was well matured and in 
use; accordingly a jornt paper was read 
February 1922 before thi American Institute of 
Mining and Metallurgical Engineers, a pater 
application relating to the test having bes 
made in 1921 he 


stantially in full in this” issue drew forth 


paper reprinted sub 
considerable discussion mad in 1 short tim 
metallographists in all quarters were examin 
carburized specimens 

In 1926 Harry was transferred to the Tin 
ken-Detroit Axl Co Detroit, 
remained until 1933, when he joined the tec! 


nical staff of Republic Steel Corp. as metallur 


where it 


ist In 1935 he was chosen to deliver the tent 
Campbell Memorial “Lecture, and his subject 
was “The Importance of Aluminum Additior 
in Modern Commercial Steels”. Other publica 
tions of his include a contribution to the 1951 
Grain Size Symposium, a paper with O. W 
MeMullan on the selection of case harden; 
steels for highly stressed vears, as well as sey 
eral articles in Transactions, Merat Progres 
and other journals on case carburizing and the 
effect of aluminum in steel. Hle was active 
establishing the single direct quench trom the 
carburizing heat as a suitable practice for t 
steels in high grade work, in introducing a 
erally higher hardness in automotive parts dl 
in the use of higher carbon in high speed steel 
cutting tools 

In the grain size work, for which he is pet 
haps best known, McQuaid collaborated 
his steel producing me 


Viassillon While it first McQuaid and | 


found a simple designation, “coarse vad “tine 
rdequate for ora size later retinements ere 
introduced Wi understand tha it led 
Allov Steel Co i ten-step series of standard 
srain size photomicrographs was prepared 
1921, while in 1926 a nine-step series with trat 
ton md core ZOLLES vided Lyre ied 11 


Central Allov Steel Co \t anv rate, by 1928 
limken series, now also the AS TAM. standard 
of eight steps ina eometrical progre 

yrain sizes Was prepared and is now i enera 


Line throu Hhout tive | rate a States 


lf mvone were ley 8 flat 3 ‘ den 
immediately accepted 1} \mern 7 metal i] , 
circles without criti il CIISCUSSIOI! ‘ Vs" lel 


judged to bye seriously 1] niormed NO 


] ' 


this fascinating story of structural normal 


il exception air beers entral them 
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investigators, 
significance and explanation of the 
plentiful 


story was contirmed by many 


thre 


obse ryations 


while 
became a subject of a 
mount of good, healthy, scientific controversy. 
the brilliant 


least in part by the McQuaid publicaiions were 


Many ol researches prompted al 


discussed before this Society, an example of the 
fostering of unhampered expression of view in 
may take pride. To mention only a 


which we 


few, the names of Brophy, Davenport and his 


Kearny associates, Epstein, Graham, Gross- 
mann, Hertv, Houdremont, Luerssen, Mehl. 
Nead, Rawdon, Scott. Shane, Sanders, and 


White come to mind. Who can say how much 


our present clear understanding of grain size 


and hardenabilitv was hastened bv the work ot 





Harry McQuaid, or how far we should fall short 
of this status had McQuaid and Ehn not mad 
their observations! 

The Albert 


reward. those 


Sauveur Award is intended t 


pioneer achievements, particu 


larly, which have outstanding subsequent effect 
the thre 


One fo. 


study in 
that it is 
We 

seen McQuaid-Ehn tests emploved by the tens 
that 


the subjects 


upon thought and trends of 


field. 


those who really 


might sav. in short, 


start something. have 


of thousands and observed masterful 


researches have been directed to 
revealed in his early contributions. 

It is then an honor and a pleasure to pre 
sent for the 1938 Albert Sauveur Award, Harry 


Winchester McQuaid. 





LTfect of Quality of Steel on Case ¢ 


By H. W. McQuaid and E. W. Ehn 


| IS USUALLY assumed that chemical spec- 
ifications are suflicient be 


for case carburizing, and if the steel analyzes 


for steel to used 
within the ordinary limits specified for steel for 
this purpose, no difficulty traceable to the steel 
used should be encountered in obtaining satis- 
the c: 


Much work has been done to deter- 


factory results” in ise) carburizing and 
hardening. 
mine the effect of various alloving elements on 
the rate of carbon penetration, ete., but, to our 
knowledge, little if anvthing has been published 
in regard to the effect of the quality of the 
steel. ... 

It is the purpose of this paper to prove that 
the 


the melting furnace, affects 


thre CACCSS dissolved oxides In 


presence ol 
steel as made in 
permanently the results obtained in carburizing 
ind hardening and that it is possible that the 
presence of dissolved oxide can result in total 
unfitness of low carbon steel for case hardening 
purposes 


hie ( 


roller bearings 


ise carburizing {of races and rollers 


with which this paper deals 
Lhe 


is controlled by means 


Tol 


was done in under-tired oil furnaces tem 


perature of each furnace 


of a platinum thermocouple, in connection with 


1) potentiometer indicator and potentiomete 


recorder. The temperature of each furnace is 


registered every lo min, by an operator, who is 


*hRepl ted ft / his { ris AEM. (1022? 


\ | 7 prune s4] 
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* 


varburizing Results: 


' 3 


continually checked by the automatic recorders. 
The 


packed carefully 


work prepared for carburizing is 


in bone-base compounds} in 
nickel-chrome carburizing pots of rather large 
LixI8x1l4 in. When 


pots will weigh approximately 500 Ib. 


these 


SIX of 


SIZe, loaded, one ot 
these pots constitute a furnace charge, making a 
total of 3000 Ib. per charge. The time required 
to bring this charge to the carburizing tempera- 
ture (1700° F 


ing on the size of the pieces being carburized. 


.) varies from 9 to 10 hr., depend- 


lime at temperature is about 24 hr. 
With each pot of work are packed pieces 

for check tests. are 
taken from the pot, reheated to 1420 to 14H40° F., 
the 


solution of nitric acid is used 


These pieces when cold 


quenched in water, broken, and fracture 


A: 35° 


to develop the depth of case. 


examined. 


the careful 


inspection, trouble would occasionally develop 


In spite, however, of most 


in the hardening of case carburized material, 


and large quantities of material would b 


rejected after hardening because soft spots wert 
the file. 


in particular lots of work when nearly 100°, of 


found by This, it was noted, occurred 


the pieces showed soft spots in the hard inspec 


hie 


be traced almost exclusively to 


tion tesl pieces, if was also noted, could 


certain heats of 
in basic openhearth furnaces. . 


thre 


steel made 


The carburized work, in form of cups 


and cones for Timken bearings, is uene hed in 
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spec ial fixtures designed to produce the quickest 


possible 


I 
watel 


surtace 


oil or 


iype, 


ol 


t.) 


the 


psi | he preces are heated in especially designed 


preces 


chilling ol 
»» to 


70 


raceway 


being 


preces 


under a 


vas-fired furnaces of 


the 


the 


automatically 


being forced 


clear, 
against 


pressure 


rotating 


clean 


thre 


ol 


table 


carried 


through the heated zone to the outlet door, from 


which 


quickly 


they 


quenching 


are 


taken 


by 


apparatus. 


the 
placed in the mechanically 


The 


operator 


operated 


process 


Is 


St) 


irranged that there is the minimum possibility 


( 


(is¢ 


1 


; 


lad 


Etch 


Normal Steel: 


100 


Fig. 2? 
Packed 


(_as¢ 


With 





of variation in the temperature of the pieces as 
thev enter the quench When it is found that a 
certain batch of work will not harden properly 
special care is taken to insure proper quenching 
and work from batches known to be satisfactors 
is mixed, as a check, with the work \ 
trouble If under these conditions the work 
from good batches hardens properly whereas 
the other work will not harden. it is rccepted as 
proof that the cause of the soft work antedates 
the hardening operation, Great care is taken | 
check this conclusion. If when trouble of this 
character occurred the harden 
temperature was raised consider 
bly above the normal operat 
range (14120 to 1110 F.), little if 
nv improvement would be tound; 
ithough it was observed that the 
high temperature generally had lit 
tle effect on the grain of the case 
the usual coarseness of fractured 
case not being obtained with 
increased temperature 

When it was found that large 
quantities of certain sizes would not 
harden properly, the first step taken 
was to recarburize for a short tin 


Lhis, in nearly every inst 


ince, failed 
to improve the result of the harden 
ng When it was found that thre 
work that resisted all attempts to 
harden was confined to certain lots 
of baste open inth steel, checks 
were instituted to determine the 
cause of the diflicults 

When work from these lots of 
basi openlh irth steel was packed 
together (is vithin im.) am thee 
same carburizil pot with the best 
srade of electric furnace steel and 
it was found that the electric fur 
nace product gave excellent results 
in hardening, producin 1 deep 
martensite, whereas the openhearth 
steel products resisted all ittenmipts 
to harden and the case was of vari 
ible martensite with a deep ind 
variable troostitic zone, it was 
issumed that the cause of the diffi 
culty must lie in) some previous 
Stage of manufacture and the car 
burizing department was climinated 
as a factor \t this time representa 
Slee live compounds of the various [ypes 


hig. 1 of carburizing agents were tried 
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charcoal-barium carbonate, 





charred leather, and petroleum 





coke with added = energizers § all 





failed to improve results 

Samples were taken from 
forgings of basic openhearth steel 
from the same shipments as those 


giving trouble and from. electric 





furnace stecl and packed closely 
together in the same pot. It was 


found that the openhearth steel 





results were very unsatisfactory 


while the electric steel results were 


Fig. 4 
excellent. This check was then toid Zone 


made on billets for the forging 

machines, bars from the rolling 2 
, | with 5% 

mills, blooms for the bar mill, and 

In all these 


cases the electric steel used gave satisfactory 


finally from the ingot. 


results while the basic openhearth steel pro- 
duced very poor results, the hardened work 
being soft in spots and the fracture of poor 
appearance. After a number of such tests were 
made, it became evident that the cause of the 
hardening department troubles could not be in 
the working of the steel before carburizing, in 
the carburizing department, or in the hardening 
department. ... 

Microscopically, it became a simple matter 
to detect steel after carburizing that would not 
form normal martensite after the quenching, 
the difference between it and the normal steels 
being easily distinguished by the experienced 
observer. See Fig. 1 and 2 of case carburized 
and slowly cooled examples. In the hvper- 
eutectoid zone of a normal steel. ... the peartite 
is verv finely lamellar and the cementite exists 
as well-defined lines of fine but continuous 
formation at the crystal boundaries. Figure 4 
represents the hv per-eutectoid zone of an 
abnormal steel. This steel was carburized undet 
exactly the same conditions as {the normal 
steel : both specimens being packed close 


4 5 | 
In Fig. 4, 


the pearlite of the hyper-eutectoid zone has 


together in the same carburizing pot. 


partly broken down to form massive cementite 
and free ferrite; the cementite can be distin- 


vuished as ridges having a white back ground 


of ferrite. Figure 5 shows the same specimen as 
hig. 4 after etching with hot sodium picrate 
solution. Steel that, after corburizing, gives the 
results shown in Fig. 1 we wave here designated 
as “normal”; steel that under the same condi- 
tions produces the results shown in Fig. 2 or 4 


we have designated as “abnormal”. Figure 1 


Sectton of Hyper-kutec Fig. 5 
in’ Abnormal Steel; 
Note Ridges of Heavy Cementite 
i Wasses 
picric actd, 200 


























Section of Hyper 

Eutectoid Zone in Abnor 
mal Steel, Same as Shown 
Etched in Fig. 4, Using Sodium 
Picrate Etch. 200 


Ferrite. 


also shows! the gradation zone of normal steel, 
exhibiting the coarse crystal structure caused 
by the long exposure to the carburizing tem- 
perature (24 hr. at 1700° F.). 


zone of Fig. 2| the small crystal formation and 


> 


In the gradation 


the irregularity of this zone is characteristic. ... 

Knowing that the breaking down of the 
normal pearlitic structure of the hyper-eutectoid 
zone was followed by soft spots after quenching, 
it became necessary to determine where the 
cause of this abnormal steel lav and to devise 
means for its elimination. 

As stated, samples at various stages of con 
version, from the ingot to the machined forging, 
were taken. It was found in most cases that the 
same condition existed at all stages of conver 
sion and that with the steels used as a check the 
carburizing results were apparently unaffected 
by the condition of the steel, ie., whether cast, 
rolled, or forged. After many tests covering 
a considerable time, it was decided that the 
cause of the unstable pearlite of the hyper- 
eutectoid zone after case carburizing existed 
previous to the ingot, i.e. it was in the steel 
furnace practice. 

In this connection, it was found that the 
results to be obtained in carburizing and hard- 
ening varied with different heats of steel as 
made. This seemed to offer a means of check- 
ing and eliminating this class of steel as a steel 
of carburizing quality, as it only became neces- 
sary to carburize a section of a small test ingot 
poured from the ladle. This test was finally 
adopted after careful checking. It was found 
that if this small test ingot, poured from the 
middle of the heat, was unsatisfactory, appat 


ently the whole heat was unsatisfactory. ... 
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Steel that shows indication of breaking 
down of the pearlite in the hyper-eutectoid zone 
ifter carburizing will harden successfully if this 
eondition is not too far advanced, but the results 
obtained will not be as good as those shown by 


Abnormal 


respond as well to the quenching and it is difl 


» really vood steel. steel will not 


cult, if not impossible, to develop in hardening 
, satisfactory case. It is also true that the case 
be of 


depth than with normal steel, and will be more 


obtained with abnormal steel will less 


variable in character; 


‘ ‘ ] 
big. 


most 


and 2|. In 
of the 


carburizing 


Sct 


fact, 


tion 


varia- 
in 


results obtained when 


work is packed in a 


bone-base compound in 


the same carburizing 
pot can be ascribed to 
variation in the quality 
of the steel... 

In checking the car- 
bon content and the 


sradation of the carbon 


from the surface to the 
core, test rings 2!. In. 
diameter by 1 in. face 
ive made. Cuts are carefully taken from ths 
surface in steps of 0.005 in. each. The sides are 


first cut away to a depth of 0.125 in. to prevent 
the carburized faces from affecting the check 
The turnings from each 0.005-in. lave 


art sepa 


analyzed for carbon content by the com 
this 


shows the carbon content of the hvper eutectoid 


rately 


bustion method. Checking by method 


zone of the abnormal steel to be the same as, o1 
if anvthing, greater than, that of the cor respond 
ol 


could determine ho marked differ 


Ing zone normal steel. Repeated analyses 


ence in the manganese, sulphur, 
ol thre 


abnormal steel. 


or phosphorus content 


normal and 


\ basic openhearth steel that 


ontained a considerable numbet 


of heavy ghost lines was at hand: 


this steel offered positive evidence 
that a ghost line through the case 


would cause the pearlite to become 


very unstable and break down 

entirely in the hyper-eutectoid 

zone This condition was checked 

many times, the hvper-eutectoid Kj 
zone at all places being normal Ele tric SF 
except at those spots where the Comptete 





vhost lin jr rsisted See | a F \s this was 
well established. if was necessary to determing 
what condition peculiar to the ghost line form 
ion was interterin will the ftormatior ot 
normal pearlit 

In order to determing he ofl ! 
metallic inclusions, the following test was mad 
Several holes in. in diameter were drilled i 
i section of electric furnace steel from ai bat 
previously checked and found to be normal 


Phese drilled holes were tilled with pulverized 
iron oxide, iron sulphide, and ma 
vanese sulphide and the holes closed 
by riveting lhe piece was forged 
down to about in. diameter and 
then reheated to 2200 to 25000 F. to 
fuse the oxide and sulphide, afte 


which it was turned to in. diameter 


and carburized for 21 hr. at 1700) 1 

Phe carburized rod was cut into sec 

tions and examined lhe results 

indicate simply that impurities dis 

solved in the steel tend to cause thr 

disintegration of the yp ivlite lon thre 

case of iron oxide, the carburization 

ome is almost entirely prevented is could 

IM expected 
As a further cheel ov\Vvecn WwW 

blown onto molten electric furnace steel i 

small ladle. by introducin i stream of oxveen 

from a commercial oxvgen tank. Samples were 

machined, carburized, and the resultant case 

examined, The result, Fig. 32, shows the pearl 

ite of the hvpet eutectoid zone to by ilmiost 

completely broken dow) md the cementil 

entirely in the massive stat lhe steel ifter 

being blown while molten with oxvgen, proved 

to be absolutely worthless as far as case cat 
burizin md harden ire concerned 





/ e / ( 
With Oruge io } 
f i) reg 900) \ \ 








Small pieces of normal electric furnace steel 


welded together by melting low carbon welding 


rod around them, in the oxyv-acetylene flame, 


were carburized and examined. As shown, Fig. 


> 


3, the melted welding rod |below|, subjected 


lo a severe oxidizing action by melting, proved 
to be very abnormal whereas the electric fur- 


nace steel proved to be perfectly satisfactory. ... 


It was also determined that a steel that 








reported in effect that the evidence submitted 
indicated that the carburizing results were influ- 
enced by the condition of the steel as made and 
offered to submit, for check, samples of steel 
used by Mr. Boylston in connection with his 
work on the value of different deoxidizers. This 
was done, and it was found that the samples 
from the ingots deoxidized with ferromanga- 
nese, ferrosilicon, and ferro-carbo-titanium gave 
a normal hyper-eutectoid zone 
after carburizing, while the sam- 
ples from ingots deoxidized with 
carbon-free  ferrotitanium and 
aluminum gave an abnormal 
hvper-eutectoid zone, indicating 
a different condition of the 
steel. ... 

Etching, by cupric reagents, 
of the free ferrite formed by the 
breaking down of the hyper- 
eutectoid zone of abnormal steel 


showed no indications of phos- 


phorus concentration. It is 
Fig. 39 Hyper-Eutectoid Zone Fig. 40 Second Stage of Same : : 
; : oes ec ‘ve \ > Wr -¥ é » 
Forged Eleetric Steel Ingot Heat; First Additions Made and belic ed by the writers th at the 
Pi ured Immediately iffer Velt Second Slag Shaping Up. Still carburizing (21 hr. at 925 ( ) is 
ing Down Charge. 100 shows pearlite divorce. 100 


would give a normal case after 
carburizing could be converted to 
an abnormal steel merely by 
heating to 23000 F. or over for 
from 1 to 2 hr. in an oxidizing 
atmosphere. This result, it) is 
supposed, is due to burning and 
penetration of the oxvgen = into 
the steel... 

It was also found that, in gen 


eral, the steel produced in the 





6-ton Heroult electric furnaces at Fig. 41 Third Stage of Same Heat Fig. 42 Finished Heat, 


the Timken plant, melting down 
cold scrap, reacted as abnormal 
steel until the ferrosilicon had 
been added, although some heats were much 
more abnormal than others. As the heat pro- 
vressed the steel improved as far as the car- 
burizing check was concerned, finally becoming 
normal after adding the deoxidizer. See Fig. 39 
to 12. Some heats were found, however, that 
reacted normally just after melting down. 

In order to check the results obtained by 
the writers, samples of steel with a statement of 
conditions under which they were obtained 
were submitted to Sauveur and Boylston for 


independent criticism. After investigating, they 


as Specimen Shown in Fig. 39; Ferro- 
silicon idded; 


Normal Steel 
Nearly Normal. 100 


sufficient to permit of the phosphorus diffusicn, 
as all efforts to obtain evidence of segregated 
phosphorus after carburizing have failed, 
although the ghost lines still persist. ... 

The effect of slag and silicates on the car- 
burizing results has not been fully investigated, 
it being evident that these sonims could not be 
a principal cause. It was determined that in a 
7o-ton basic openhearth heat blooms from all 
sections of the heat were abnormal, indicating 
that the cause of the abnormal steel was present 
in all parts of the heat, a condition not likely to 
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true if slag or silicates were a pt incipal cause 


be 


lhe investigations by Stead, Whiteley and 
MeCance have indicated that dissolved oxide is 
one of the most probable causes of ghost lines. 
apparently 


Li Chatelier and Bogitch have 


proved that this is the case, which results are 
checked by the evidence obtained by the writers 
that ghost lines are the effect of the same cause 
is abnormal steel, namely dissolved oxides. 
This is more or less substantiated by the 
facts that unfinished steel is, as a result, abnor 
mal and that the addition of the deoxidizet 
(manganese, silicon, etc.) Is necessary to pro 
duce normal low carbon steel. Why dissolved 
ron oxide should cause the divorce of the peat |- 
te of the hyper-eutectoid zone is a subject for 
ndependent investigation; the most appealing 
explanation is that the solubility of the cement- 
te in gamma iron is decreased by the presences 
of the dissolved oxide and hence it is more 
easily precipitated to the crystal boundaries on 
cooling through the critical range. The extent 
to which the cementite would be rejected to the 
crystal boundaries would depend on the amount 
of the oxides in solution as well as on the 
umount of the cementite and speed of cooling. 
Brearly (Case Hardening of Steel, page 60) 
llustrates a condition identical with that met 
vith in abnormal steels and ascribes the cause 
f the formation of massive cementite to low 
manganese content. Just how manganese is 
the cause of this condition is not explained but 
t is the writers’ belief that the connection 
between the low manganese content and the 
divorcing of the pearlite of the hyper-cutectoid 
cone after carburizing is indirect, it being gen 
erally true that one result of a poorly deoxidized 
heat is loss of manganese content. It has been 
ur experience that manganese content is an 
ndication of the character of the steel, and that 
steel in which the manganese content is close to 
the minimum chemical specification is not as 
vell made as steel in which the manganese con 
ent approaches the maximum specification for 
he element. This is true because manganese 
S idded {as ferromanganese) to produce a pre 
letermined percentage of that element in the 
ished heat, and when the finished content is 
ess than that aimed at, it is assumed that the 
ss is due to the presence of oxides in the bath 
s possible that the loss in manganese mav b« 
mpensated for by more complete deoxidation 
the steel and hence the resulting steel might 
of excellent quality. Unless otherwise noted, 


ll steel carburized in connection with this 


investigation contained from 0.35 to O.bo Mn 

From the foregoing, it would seem that the 
extent to which deoxidation takes place in 
finishing steel in the melting furnace has an 
important bearing on results obtained after case 
carburizing and hardening; and, conversely, thi 
results obtained in case carburizing constitute a 
check on the extent of deoxidation of the low 
carbon steel used for carburizing purposes; 
we have a method of inspection of this class of 
steel that will indicate under what conditions 
the steel was made 

While the writers have successfully adopted 


this method of checking steel for case carburiz 


ing, it has often been difficult to decide at just 
what indication of the divorcing of the pearlit 
to draw the line There is not the slightest 
doubt that the structure of the case shown tn 
Fig. 4 will not form normal martensite under 
the most favorable hardening conditions, but 
there is an intermediate stage between this and 
normal steel that will form martensite unde 
proper hardening conditions but is more likely 
to develop soft troostitic areas than normal 
steel 
In order to check our method of inspectio 

samples from four heats of low carbon bas 
openhearth steel from one of the mills supply 
ing us with openhearth steel were submitted for 
check, of which three were accepted and one 
rejected It developed that the three accepted 
had been carefully made under the personal 
supervision of the openhearth superintendent 
whereas the rejected heat had been deliberatels 
picked out as poorly made Lhe success of this 
check resulted in obtaining the cooperation of 
the openhearth operating department and an 
improvement in the quality of the steel mad 


for carburizins 


purposes 

On checking steel for case carburizing from 
another mill, it was admitted by the produce 
that the steel rejected was not. originally 
intended for our use, but being within our 
chemical specification it had been diverted to 
our orde! lt was of “merchant bar” grade and 
showed up unusually poor when checked. It is 
not diflicult to realize that the carburizing checl 
is probably the only one that would have iused 
its rejection 


; 


In conclusion, the writers desire to express 
their appreciation for the assistance and encout! 
agement extended them by M. T. Lothrop, wort 
manager of The Timken KEoller Bearin ( 
whose interest and direction has been of the 


greatest value 
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A Reversing Sheet Mill 


\ piece of equipment in the recently Sheet is drawn back and forth through 
opened Irvin Works of Carnegie-Ilinois these rolls at speeds up to 1000 ft. per 
Steel Corp. at Clairton, Pa., with 4-high min. until it has been reduced to required 
rolls of tn. wide, driven by a 3500-hp thickness for sheet or tinplate. All move 
motor Powerful reels at either side of ments are under finger-tip control at the 
the housing put tension into the emerging single point; thickness is automatically 


strip \ coil of hot-rolled and pickled and continuously gaged 
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S-ESISTANCE OF MET, 


—4 4 


to stress — 


delormation 


John 8. Marsh 


1 ee WEEK of the annual New York Meeting ner in which the metallurgists acquitted then 
of the American society of Mechanical selves moves one to discount the potential 
Engineers brought its usual compleme nt of bad countercharge lhis may be plavin ostrich 
weather. This, however, by no means dismaved but ) A case in point, albeit unimportar 
the assembled engineers, because they fre was the slides purporting to illustrate case-core 
quented technical sessions and the Hot Spots combinations These appeared to have bee 
with equal gusto. Since it is the former with copied from coarse-screen halftones printed 
which this report 1s concerned, it may be stated pulp stock: to the flocked metallurgical birds 
it once that many of those sessions contained thev sugvested evervthing from swarm bran 
items of interest to the metallurgist Phi to well-molded gorgonzola Surely man 
opener, from that point of view, was by M. | excellent photomicrograph could have been had 
Begeman, who offered a summarizing paper on for the askin \nother example, cited only to 
“Hard-Surfacing Processes and Materials” show the sort of thing that pops up unexpect 
By “hard surfacing” Prof. Begeman meant edly, and certainly not to detract from the us 

those processes intended to increase the resis! fulness of the pape Which may be read, b 
mce to abrasion of wearing surfaces, whethet the wav, in the December issue of Vechanica 
bv heat treatment (carburizing, nitriding, induc Engineering s contained in the’ follow 

on heating, flame hardening), metal spraying, quotation: “Iron at temperatures close to and 
metal plating, fusion overlays of hard mate ihove its critical temperatures, that is Loot) te 
rials, or by the incorporation of such materials 170) FF. has an affinity for carbon. The carbon 
is hard carbides. Lhe paper was senerally enters the metal to form a solid solution wit! 
onceded to be a worthwhile review of the sub ron; hence, the necessity for the high tempera 
ject, although the metallurgists who were pres ture.” This, clearly, is the sort of thing designed 
ent seemed to avree that some items could stand lo impel the metallurgical specialist to cle 
iteration or amplification. Before turning to his nails back to the roots. Discussers were 
their remarks, a fact that emerged in the composed mostly of well-known @ meml« 
resentation of this paper recurred often enough each injected or amplified his favorite thes 

to place it on the record once more: Mechanical Qne topic deserving of special mention, hov 
engineers, on the whole, are still inclined to be ever, was the nature of the bond betwee 
ive about elementary metallurgy. (The man spraved-on coatin ind the stocl Phi 
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unambiguous conclusion was that more is to be 
learned; uniform success in “hard surfacing” is 
by no means assured, 

“Some Observations on the Yield Point of 
Low-Carbon Steel”, by Joseph Winlock and 
Ralph W. E. 


In fact, upper- and lower-vieldpoint phenomena 


Leiter, really started something. 


raved off and on as a subject for several days, 


with a result perhaps indi- 





therefore rather difficult to follow, because of 
its high concentration of equations. However, 
the remarks of such eminent authorities as 
Messrs. Trinks and Stone indicated that Dr. 
Nadai has made substantial headway on_ the 
problem of mathematical analysis of rolling 
mill problems. This field too has its controver- 
sies and an associated rash of patent-itis sO 

much so, in point of fact, 


that a paper on “Tension 





cated by A. V. de Forest's 


proposal to lock all con- 


Devices in Strip Rolling” 
Gg 


withdrawn before 


LKCHANICAL Engineers. was 


presentation. One point of 





testing persons in a room 
for two weeks; he pre- | 


dicted that, at the end ot 


in annual meeting con- : ; 
; . immediately practical util- 
vened, spent much time dis- 





such a period, each would 
be convineed of the valid- 
itv of his own views and 
of the untenability of all 
others! A related paper, 
“The Effect of the Speed 
of Stretching and the Rate 
of Loading on the Yielding 
of Mild Steel”, was pre- 


sented by E. A. Davis. 
In keeping with Prof. 


de Forest's prediction, the 





cussing elastic and_ plastic 
action of metal 
ranging from phenomena of 
double yieldpoint of low carbon 
sheet steel, through a mathemati- 
cal analysis of cold rolling action 
when the emerging sheet is 
under strong tension, to com- 
prehensive studies of elasticity 


as applied to helical springs. 


itv emerged from the 


discussion, namely — that 


under stress. 
tricresv] phosphate as a 
lubricant in the rolling of 
steel sheet and strip com- 
bines the virtues of being 
a polar compound and of 
being non-corrosive, The 
audience also generously 
suggested several unsolved 
problems, such as the con- 
ditions conducive to the 


flattening of the rolls; Dr. 








authors of the two = con- 


tributions found them- 
selves at variance, with the discussers contribut- 
ing to the contusion. 

In brief, Winlock and Leiter held that the 
observed phenomena are characteristic of 
annealed mild steel, whereas Davis placed con- 
emphasis on stress-concentration 


Winlock and Leiter answered with 


siderable 
effects. 
several seemingly telling arguments, including 
the fact that even mild cold work obliterates the 
double-vield behavior. The audience seemed 
to become increasingly in favor of the plan for 
imprisonment of two weeks, but such drastic 
steps were side-tracked by Colonel Jenks’s 
proposal that a committee for scientific study 
of the problem would be in order. This met 
with obvious approval, consequently the matter 
is likely to stay alive. Should one observer be 
correct in his statement that the upper-vield- 
point is indeterminate, and that the lower one 
is wholly a function of testing procedure, the 
committee will have a job on its hands. 

The transition from problems of the steel- 
sheet user to those of the maker is not especially 
marked, consequently it is appropriate to report 
here that A. Nadai 
Required for Rolling Strip Under Tension”. 


discussed “The Forces 


Phis preliminary report was not preprinted, and 
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Nadai also has work cult 
out for himself, for it appears that the experts 
in analytic mechanics are determined to con- 
quer the rolling mill. 

A glance at the program of a session on 
“Elasticity — Applied Problems and Mechanical 
Springs, I” hinted that the papers were not for 
the ordinary member of &. This tentative con- 
clusion was abandoned, however, upon observ- 
ing a small stream of metallurgists entering the 
room. Perhaps the program annotations were 
misleading. An hour of it led to misgivings, 
removed only by a well-known &@ member who 
handles metallurgy and mechanics with equal 
facilitv. The observation that the drag of 
gravity on his evelids was rapidly overcoming 
muscular counterthrust led to a_ solicitous 
inquiry, “Too much lunch?” He replied elo- 
quently, “Hell no! Too much mathematics.” 
Otherwise, the conclusion was reatlirmed that 
to many engineers and physicists, steel is steel. 

The second session was different. In slides 
illustrating “Deflection of Helical Springs under 
Transverse Loadings” by W. E. Burdick, F. S. 
Chaplin, and W. L. Sheppard, actual springs of 
the kind used in railway trucks were shown 
under test. After that, formulas for computing 


such quantities as the transverse deflection of a 





git 





helical under vertical loading did not 
seem so formidable. Similarly, C. 1 


“Research Report on Helical Springs” hit a peak 


Spl lle 


Ldgerton’s 


if metallurgical interest. his report revit wed 


itigue tests of full-size helical springs at 
Wright Field. Materials consisted of acid open 
hearth, basic openhearth, and electric carbon 
steels. No significant differences appeared, pro 


ded that the steels were well made Ol col 
interest was Mr. Edgerton’s method of 


the data; familiar S-A 


s ci rable 
plotting 


diagrams consisting of two intersecting straight 


instead of 


were shown 


nes, rectangular hvyperbolas 


Endurance limits were indicated by the asymp 
totes parallel to the number-of-cvcles axis. In 
response to objection from members of the two 
straight-line school, Mr. Edgerton revealed his 
hole card: The hyperbola plotted semi-logarith 
mically is astonishingly close to the straight-line 


irrangement There is some doubt about 


whether thie 


mula for the rectangular hyperbola) provides a 


exponent 1 (required in the for 


curve which best fits the plotted data, and it is 
not wholly certain that the S-N relationship is 
is no doubt that the 


really livpe rbolic, but there 


interesting and promising possibility deserves 
ireful examination, 

Special Research 
should be 


book by 


One other activity of the 
Mechanical 
report on a 
and R. W. Clyne on “Strength 
Special Spring 
sponsored by the 
McAdam. 


This book will contain a wealth of 


(Committee on Springs 
mentioned. A 
1D. J. McAdam, Jr. 
of Metals 
Materials”, 


i id by Dr 


progress 
with Reference to 
committee, was 
Publication in 1939 was 
promised 
material of interest to metallurgists 

Owing to the impossibility of occupying two 


points in a Newtonian coordinate system at a 


viven instant, several of the papers must lb 
recorded more or less by tith In “High-tem 
perature Steam | xperience at Detroit”, R. M 


VanDuzer, Jr. and Arthur MeCutchan quoted 
results of creep and corrosion measurements 

iliov steels in turbines. “An examination of all 
principal materials used in the construction of 


the turbine, piping, and superlh iter showed 


i with SC VE ral ( \ceptions thie allovs wens 


od condition. Measurements made to dete! 


rie creep disclosed only small HNOUTIES 
rFurthes “The results of 1100° F. steam- 

Sit tests indicate that the scale formations 
fer material inst subsequel! 


protection TL 
ith) attack ; 

“Changes in a High-Pressure D1 
Recurrence of Cracks Due to ¢ 


Himhinate 


January. 
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rosion Fat lit were described \ 
Failures were ittributed cori 
resulting trom. stresses sed 
changes tovethel with ontact 
relatively low pH valu (| 
believed to have verconn ( bl 
Phen, for the machine-shop foll 
“The Effect of Size and SI pre if 
Performances ot C.utti | a Wi 
S.A. 140 Steel”. by Of W 
Gilbert, and | Vv. Iwell | I 
volumes of the 7 { 
subject is not quite be ad the p 
brief ittendance durin ed 
unearthed a= stro tendency merel 
varns about machinists: legend 
Phe last paper of metalhur | 
really i metallur cal detectis to 
(, | lenks wt Interpretat | 
of an Ordnance Structure mm, de 
tically. whv a un blew up) Colo 
pursued the results of mac SCODL mn 
scopic eXamination mad of mechat il 
most logical conclusion, then stated th 
last check completes the Tia ‘ait 
turing records ere lted 7. 
that thr rea mm questo had ce 
metallic ins tO rrect ' ‘ , , 
machinil ait mssecmbiv dquestion 
single port i the analvsis, for thr 
son that it was irrefutabl Rather tl 
moved to admirat for the irresistible 
ition of the failure, and proposed that 
bye i real ery ( | eo rhe 
il iIWSIS mwmaudc»nk circles eit )) 
demurred on. the round that TL 
nal nterested mad s ested 
ient” fi th ma ct if Stuce 
ple ise COPY.) 
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' 1) lyil cf ] ‘ 
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VALVES AND VALVE SEATS FOR GAS ENGINES 


By F. R. Banks 


tbstract from Journal, Institution of 


from numerous mechanical and design 


ome 

f requisites for exhaust mechanisms, the valve 
material should have high strength at elevated tem 
peratures; it should be resistant to sealing and to 
\ certain degree ol 


It 


hot and cold corrosion attack 
stem hardness and wear resistance is necessary 
should also have good heat conductivity 

the at 
some disadvantage to his brother, the aero-engine 
the 
luring costs, but the latter seeks performance and 
The 
further 


The designer ot automobile engine is 


designer; former is much limited in manutac- 


reliability regardless of money considerations 


size of the automobile engine imposes 
restrictions in) design elaborations, so the aero- 
engine exhaust valve costs from 50 to 200 times 
that of the automobile exhaust valve 

The valve material most commonly employed 
in English and American automobiles is— silicon- 
chromium steel, more commonly known as “Sil- 


crome No. I 
the table 
factory steel, but careful control and good inspec 
the Valve 


are due to taulty control 


Its general composition is given in 


It has proved itself to be a very satis 


lion are necessary in manutacture 


failures still occur; many 
in the electrical upsetting and the final stamping 
methods employed by some of the quantity pro 
duction plants 


Pwo new steels have been recently introduced 


in America, Silerome “NCR” and a slightly cheapet 
one, "XB". The latter is replacing Silerome No. 1 
in the United States. “ACR” receives mainly only 


I4-hr. draw 


one heat treatment, which consists of a 


jutomobile 


Engineers, December, 1938, p, 32 


and stem 


The temperature range tor torging is 
1975 2000" EF It 


ct mitrolled 


very narrow, between and is 
reported that this steel when properly 
and handled, is superior to all others, excepting the 
Valves from “AB” 
normalized condition with only the tip hardened; 
it Lo 
sion and better hot strength than Silcrome, and its 
coeflicient of 

The austenitic steel commonly used in British 
1W-b. It 


for automobile engines, but with stellited seats is 


stellited variety are used ina 


has superior resistance oxidation and corro- 


expansion is similar 


aircratt valves is D-T.D is not used much 


satisfactory for heavy duty. Austenitic steels such 


as this have a high hot strength and are very 
resistant to oxidation and hot and cold corrosion 
Their coeflicient of expansion is somewhat high, 
and they have a tendency to pick up in the valve 
guide. Their thermal conductivity is lower than 
Silcrome steel and they tend to run hotter. Use of 


hollow valve-stems containing sodium to conduct 
the heat back into the guide is therefore essential 
for an aero engine, but impracticable even on truck 


engines unless large diameter stems can be used 


It is necessary to weld a hardenable tip on 
austenitic valves. Stellite is favored in England, 
but hardened 1.10 carbon toolsteel Cor S.A.E 


is used in America 


3140 tor cheap jobs 


American aero-engine exhaust valves represent 


the highest state of poppet valve development 
Practically all large American engines are radial 
air-cooled, with two valves per cylindet Phe 


exhaust valve of such an engine is about 3 in. diam 














it HOO: I this produces a good hardness tor seal eter and weighs about 1 Ib (Continued on page 4 
Steels Commonly Used for Exhaust Valves 
STLCROMI SILCROMI STLCKOMI 'HOMPSON DTD. 
No. 1 (a XR (a XB (a PRopucts 19-b (b 
ALLOY (a 
Carbon O40 to O50 O.40 to O50 0.60 to OS6 0.40 to 0.50 0.35 to 0.45 
Silicon 3.00 to 4.25 1.0 max. 1.25 to 2.75 0.30 to 0.80 1.0 to1.75 
Manganese 0.40 to 0.60 1.0 max. 0.20 to 0.60 0.70 max, 0.50 to 1.0 
Sulphur 0.03 max, 0.035 max. 0.025 max, 0.03 max. 
Phosphorus 0.03 max 0.035 max. 0.030 max. O.03 max, 
Chromium 7.0 to 8.d 23.2 to 24.2 IY to 23 I3to15 12.5 to 14.5 
Nickel ODO 6 15 to 5.0 lto 2 I3to15 12.5 to 14.5 
Molybdenun 205 to 3.0 0.50 
rungsten 1.75 to 3.0 2.0to 3.0 
Hardness Brinell 255 to 286 Rockwell C-42 to 44 d Scleroscope f f 
Scleroscope 50 to 57\ yD to OO Fe 
a’ Used in Great Britain (l Used in America. ized condition with tip hardened to figures shown. 
Usually absent in Atnerican varieties. (d) After f) Austenitic steel; requires welded-on tip of hard 
14 hr. anneal at 140070 F&F. ce Usually used in normal enable steel 
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VELDABILITY 


- 


requires low 


oxygen content 


NX’ CESSITY for meeting unusual and diflicull 
1 specifications may in fortunate cases lead 
The production 


S.A. 


to quite unexpected findings 


n quantity of large welded objects of 
6130 analvsis (Cr 1.0‘... V O18‘, ) to the most 
rigid physical requirements involving final 


nspection by wet magnatlux as well as extrem: 


rccuracy of dimension created a demand for 
steel able to meet an unusual quality test for 
‘weldability by J. TH. Mechee of 


Pittsburgh Screw & Bolt ¢ orp 


cle veloped 


this test consists simply in studying the 


ICTOSS 


steel during fusion while melting a bead 
the surface of the material to be tested with the 


ttomic hydrogen torch. The weldabilityv of the 


netal is rated bv a responsible operator on a 


being considered the 


while SO 


percentage basis. 70 


Is COT 


minimum satistactoryv rating, 


~ cle re al CANCE llent. 


In rating the weldabilitv. the followi 


les serve as a guide: 


is 


l Continuous as well as intermittent 


volution from the metal during fusion is pat 


ticularly undesirable in the production of high 


race welds. since both types are prom to lead 
porosities; a slight agitation from within thi 
as long as it does 


olten metal is permissible 


t interfere with the are or welding flame, o1 


lead to the formation of pits or craters in the 


resulting bead. 


2 Phi occasional erection ol sparks 


fit Causes interruptions tha 

) Lndercuttin vlan t| ‘ 
finished bead S undestirabl 
demarcation between weld and 
raiser which may Ticats il 
finished part 

| Gaood thuidity ts deres 
Pactol pool iadity i rit rial 
the final rat 

\ccompany 
such weld rath lest ) TE 
heais of widely mw ldatilit 
these heats itd dove vi later 

Prior to the evolul ft th ( 
facturers statistical dat 
several vears had shi | ti 
ber of rer ms for <j ft 
vell as for hairline rach im 
cotie s ill, cre | ead 
After tive t¢ 1) al ne rrbiiatle 
rcceptal cl reye ‘ | 
vere practically eliminated 

ait rlun L tive ( Ie 
retha ned fo the steel make 
factors whicl night fuen i] 
rating in order to ce ent pt 
ible material Lhe purpose { 
mainiv to outl e the tind a 
tion and te yo to Tt nip 


cline cive 
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lo begin with, it was found a different mat- 
ot 
weldability rating, and merely to make a steel 
to 


tain hardness, and developing a specified set ot 


ter indeed to produce a steel satisfactory 


with sound macrostructure, annealed a cer- 


tensile properties upon prescribed heat treat 


ment. Structure after hot etching, microscopic 
cleanliness, microstructure, hardness, and phys- 
icals, would usually appear just as satisfactory 


A 


series of MeQuaid-Ehn tests revealed no con 


whether the weld rating was high or low. 


sistent differences between fine-grained and 


coarse-grained, or normal and abnormal steels, 
A detailed 


study of the melt logs of all heats whose weld- 


as far as weldability is concerned. 


ability rating was known, proved an equally 


fruitless undertaking. 


Factors such as surface finish whether 
pickled) or sandblasted stresses from the 
straightening or shearing operations, rolling 
temperatures, and even variations in all the 


single elements of the analysis within specified 


limits, were investigated and gradually dis 
counted as having no bearing on the welding 
properties. 

Small pilot heats were next prepared in an 
induction furnace for preliminary investigation 
of 


scrap contamination and variations in the deoxi- 


various single or complex factors such as 


dation technique. Though of no importance to 
the final satisfactory solution of the problem, 
the observation may be of interest that the pres- 
ence of titanium in even comparatively small 
quantities appears to have an adverse influence, 


as shown by the following parallel test melts: 


Sounce or Scrap Menur Now WeELDABILITY li ADDED 
Heat No. SS41 11 su None 
1” 65 O.025 
13 65 O05 
11 Ou O.10 
1 it) ole 
» R840) 1' St) None 
17 74 H.020 
IS i) TA 
19 te 
i) =1) O15 


In such « \perimments as these different scrap 
the melts of each 
the 


each series, bul 
Ba 1b lo 


were melted 


is used for 
(11 to and inclusive 
table) all the 
scrap (Heat SSL and Heat S810 respectively). 
\ 


all melts were 


\W 


eroup 20) mn 


above from same 


warming-up heat preceded each test run, and 


accorded the same time about 


lo min between the beginning of melt-down 
ind tap \t no time was the tester informed 
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about the history of the steel he was testing, 

Since the observation on titanium was inter- 
preted as pointing to scrap contamination as a 
possible cause of differences in weldability, a 
number of heats of various ratings were selected 


The 


chemical analyses are shown in the table oppo- 


for spectrographic analyses. customary 


(sulphur and phosphorus in all instances 


site 





Heat 637 With Weld Rating of Zere 
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Chemical Analyses of Raw Materials 
onsultant spectroscop- 
st reported identical Heat Webtp Ratrinc CarBpon MANGANESE Sriico~ Crhronwsun Vaw~s 7 
figures fol all these 
heats in the first group First G 
nickel (0.01 to 0.1% ), 630 79 to 80 0.29 0.59 0 A 20 . 
O34 0 0.30 0.71 0.40 0.83 
oppet (O.1 . molyb- O3S ou 0.37 0.64 0.37 ‘ 
denum (0.01 ), calcium 639 21) 0.46 0.79 0 48 4 rape > 
(O01 ) and zine (0.001 920 SU 0.29 0.70 r a0 eT ¥s 
79 ‘ ts : , 
to O01). Cobalt and aa a io ; “ ( " ~ | i se 
were each reported a S | 
mn the order of O.OOL to 7741 - wal Pre | . : - 
iO] for Heats 636. 8471 50 0.28 0.54 1 ial oe 
2S and 9719 and O.OLS, 
for the rest; lead was 
4 ported on the order of 0.001 in all except vacuum-fusion analvsis for determination § of 
O38 which was 0.001 to O.O1LT. oxveen Specimens of the second roup (of 
Magnesium was on the order of O.00O1' in RO) and 50 weldabilitv rating) were analwzed 
Heats 637 and 639 (low weldability ratings), for oxvgen bv two investigators. one of whom 
W.001 to O.OL in Heats 636, 638 and 9520 (ratings reported fractional values The discrepanes 
HO to SOO.) and on the order of O.OL'.) in Heats between their figures was quite large, but the 
928 and 9719 (ratings 65 and 85‘. respectively). relative difference between the oxvgen contents 
\luminum was reported on the order ol 0.001 ol the Iwo stec ls Was itl S000 mrecment | ol 
n Heat 636 (rating 75 to 80% ), 0.001 to O01? in lowing a lead suggested bv these findings a 
Heat 638 (rating 60°), on the order of O.OL in period of no rejections followed at the steel 


and 


639 and 


Heats 9528 and 9719 (ratings 65 and 8&5‘. ), 
on the order of O.O1 to 0.1 


9520 (ratings zero, 20 and 80° 


in Heats 637, 
respectively). 

Obviously, the spectrographic analyses 
the 


scrap contamination from further consideration 


justified omission, at least tentatively, of 
is a major influence on welding qualities. 


\ different story was told by the results of 








Heat G38 With 


Weld Rating of 60 


mill, but about 18 months later there was a 
recurrence ol trouble, oc isioning furthes nves 
tigations In addition to a review of the Sp 


trographic analyses, a set of five samples from 
the first group were submitted for vacuum 
fusion analysis to one of the two previous 
investigators. 

With due consideration for the factors of 
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No rod used 



































No rod used Rod used 

Heat 9528 With Weld Rating of 65. Note that cases; here, the addition of the rod mate- 

in festing this heat, rod was added to some of rial intensified the previously slight crater 

the beads This practice ts used in doubtful ing, and the heat therefore was rejected 
uncertainty and experimental error inherent to they may be considered well substantiated by 
the vacuum-fusion method, and making allow- the practical results. Although a single type of 
ance for possible constant differences between material, S.A.F. 6130 was studied, and only the 
different experimental runs, as well as for the atomic hydrogen welding process was involved. 
fact that the weld rating test is purely a matter the findings may well have a much more gen 
of personal experience eral application. While hitherto 
and judgment without considered factors such as hard 

. : Non-Fractional Gas Analyses 7F . 
any strictly scientific ee enability undoubtedly impos 
: : by Analyst “B PaEte . . 
basis, the relative con- limits on the weldability of steels, 
sistency between — the Hear |Rating |) OxyGEN | NITROGEN it is believed, on the basis of the 
oxvgen content of the reported experience, that the pos 
steel and its weldability First Group sibilities of a particular analysis 
. O36 7osto 80 0.0040 O.0109 . ; 
is good, and points to a tts rt ‘ | can be fully realized as far as 
; ; 637 20 0.0076 0.0028 d - 

definite interdepend- 9520 85 0.0048 0.0086 welding is concerned only 
ence of these two deter 9528 65 0.0055 0.0085 when the material has adequately 
minations, ood So 0.0023 0.0013 low oxygen content. This belief 

lhis opinion was Second Group is further borne out by the attain 
considered — suflicientls 7741 80 0.0061 0.0126 ment of just as good welds with 

S741 50 0.0085 0.0170 

well founded to inten ’ ae 
sifv previous efforts to : : : a 

| Fractional Gas Analyses by Analyst “A 
solve the problems 
involved by a gradual, complete revision of the Hear 7741 Hear 8471 
melting practice. Some points ultimately con- 

. W S0¢ 5 
sidered of established importance in this respect eld rating v ¥ 
; 5 1150° C. (oxygen as FeO and 

were the selection of clean, not excessively fine MnO) 0.0019 0.0043 
scrap, and careful control of the oxidation dur- 1350° C. (oxygen as SiO.) 0.0038 0.0087 
ing melt-down. The finishing period was fea loot’ C. (oxygen as ALO ) 0.0083 0.0005 
tured by slag control and special deoxidation : 

; ) Potal nitrogen O.0150 O.0148 
practice. Data not ordinarily recorded on the Total hydrogen 0.0002 0.0007 
nel log were carefully noted and considered Total oxvgen 0.0140 0.0198 
in relation to the results obtained. Extreme 
Vigilance was found a paramount requirement, 
even a minor lapse in the observance of desir- otherwise identical analyses of the 6100 series 
able precautions having been found to depress when the carbon was as high as 0.38 (on 
the weldabilitv rating. Results of this work experimental melts), as when it lay in the vicin 
have to date been gratifving, showing the pro- ity of 0.20%. Variations within the specified 
duction of about 97°: satisfactory heats with limits of the 6130 analvsis (conventional ele 
about S80 average weldability of all those ments) have been found entirely without influ 
made over an extended period. ence upon the quality of the welds of the 

While the stated conclusions have not been finished articles, as long as the steel showed a 
reached bv a= strictly scientific investigation, satisfactory weldability rating. 
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ITTING OF GEAR TEET 


im laces cast 


steal gears 


By James L. Avis 


| WOULD SEEM to be the veneral lmipres the right hand sketel Such movement 
sion among manufacturers and users of wcompanied with considerable pressure and 
sears that the pitting often observed is due to friction 
some type of corrosion. It is seldom we find Ductile steels lend themselves very read 
pitting in small gears of forged allov steels if to plastic deformation of an extensive ture 
they have been correctly designed and heat even fairly hard steels do this to a surpi 
treated, and operated under good conditions of degree when sufliciently stressed vilness 
lubrication This short article does not relat peenimng oO mushrooming effect of the hammered 
to the latter. but is concerned with those gears end of a drill or chisel What is meant by the 
inging from 3 to 6 ft. in diameter, such as are term “plastic deformation md what are 
rreque ntly cast in electric steel foundries. effecis? 

One such casting was recently studied by Since all metals are crystalline in structure 
he writer. It was a 5-ft. diameter herringbone the reactions to load are difficult to analvz 
ear, with teeth faces approximately 5 in. wide Hlowever, if a stress ipphed of suflicient 

d of the size and profile shown by the draw ntensitv to approach ¢ elastic limit b 

6 below \long both faces of the teeth in this 

A 

fear were pits — round, oval, irregular, and in ; 
streaks. Some manufacturers call this a cass VI) 4 ¢ 
f spalling or scuffing, and vet there is all the 5 a ‘send % < 
ippearance of quite pronounced corrosion pil \ f tan 
ng This particular investigation disclosed a \ /\ j 

ery different condition. GO | v / 

Referring to the drawing, the left sketcl —~ 
epresents a tooth of the driver gear (cross iL 
itched) entering the driven geat From. the . 

point a where contact is first made, the mov: y ? 
mentis in the direction m until the pitch circles , - 

! both gears are tangent. When this occurs Ei ai R — p 

the relative movement is reversed. as is shown f?y I hy j f j | f 


January. 1939: Page 59 





if suflicient to produce pronounced = crystal 
deformation and if having many repetitions, is 
the explanation cf the cause of most fatigue 
failures. It is also possible, of course, to pro- 
duce fatigue failures where the maximum 
stress, suflicient to cause pronounced crystal 
movement, is only in one direction (as when 
the load IS tlternatels applied and released). 

When newly cut gears are put to work, 
their contours do not in all instances truly mesh 
throughout their entire tooth-length. Many 
causes might be cited, such as slight inaccura 
cies in machining, warpage or stress relief 
within the casting, minor misalignment of the 
bearings. Examination after a detinite service 
period then discloses that not all of each length 


of tooth had been in intimate contact. and in 





these teeth the stress was confined to small 


2 areas. With plastic deformation or flow of the 
Photograph at 50° Diameters of Unetched surtace crystals at such areas, released or even 
Surface of a Gear Tooth, Showing “Streak reversed on each revolution, localized fatigue 


fo Be a Channel Through Cracked Surface 
Vetal, Partly Filled With Metal 1 ragqments 


failures occur and the embrittled, disintegrated 
and highly comminuted crystals drop out or are 


partly entrapped by the lubricant, causing an 





exceed it, minor movements within the crystals appearance strikingly analogous to well devel 
take place. Kemove the stress and all elements oped corrosion pits. 
return to their former position. This is the Also there are instances where, after “run 
definition of elastic action. ning in” and sutlicient 
If, however, the applied time has elapsed 
stress reaches or exceeds the whereby the teeth mesh 
elastic limit. more pronounced = TH on large cast steel accurately and take 
movement occurs; the ervstals gears sometimes become bearing throughout 


shear and some blocks move their entire length, and 


; pitted and grooved within the 
past the others to new  posi- suflicient area is in con- 
rubbing areas in a manner 
tions: thus deformation ; tact to distribute the 
strongly suggestive of cor- 
becomes permanent, even after loading evenly to_ the 
roston. A closer examination s ' 
all stress is) removed. With : : condition where local- 
' . indicates the trouble to be ; ; 
repetitions. of this intense ized stresses are elimi 
. 2 a > > ' - 
stress, particularly as applied fragmentation of heavily cold nated and the average 
worked metal in small areas 


by two meshing teeth as in this stress is considerably 











case, a surface flow of metal where stress ts concentrated below the elastic limit 
takes place which is’ termed bevond the ability of the no plastic deforma 
plastic deformation, Plastic metal to resist. tion then occurring 
deformation is accompanied by examination has dis- 
strain hardening; when pushed closed that the pits have 
too far the crystalline bonds disappeared 
are actually ruptured by the over-work. Che first photomicrograph is an external 
Severe plastic deformation therefore leads view along one of the streaks in a tooth face. 
to eventual failure and with special ease if There is a rough channel in the surface about 
the stresses causing it first push in one direction 0.015 in. wide containing disintegrated crystals 
and next pull in another direction. This is the entrapped by the lubricant. Alongside this area 
action in some gears, for, as shown in the are to be seen fine hair cracks, showing that the 
sketch, when the tooth of the driver gear enters distorted surface metal is in an advanced 
the stress is in one direction and when leaving stage toward breaking up. 
the stress is reversed Such reversal of stress, That the surface has been greatly distorted 
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d sometimes spread out in a tapering film is 
shown by the second photo, a_ profile, macro 
etched to show the greatly elongated ferrit 
ervstals of much the same appearance as we 
find in longitudinal sections of cold-drawn wire 


Sometimes ¢ ntrapped comminuted metal is dis 


closed within the dark irregular lines represent 
ng the fissures 

Che general microstructure of the annealed 

isting as put into service is normal It con 
tains occasional small inclusions, appearing as 
they alwavs do surrounded by ferrite or in the 
ferrite crvstals There is the possibility these 
could form the nuclei for electrolysis, but there 
s no evidence of this in the sample which has 
furnished the material for this article. 

It is rather doubtful if this steel would 
exceed 45,000 psi. for the elastic limit, as the 
carbon content is low and it contains but a frac 
tional per cent of chromium. Evidently, to 
improve this condition of “pitting” it Is neces 
sarv to produce a steel that will be sufliciently 
high in elastic limit to prevent (or at least limit) 
plastic deformation. While this may be done 
by quenching and tempering, most of the small 
foundries have no real heat treating equipment; 


they are forced to rely on either normalizing o1 


full annealing Che solution of their problem 
would then be to pour heats of approximate ly 
0.45% carbon to which an addition of perhaps 
0.00 molybdenum is made, and anneal the 


resulting castings. 

While this is not offered as a deeply scien 
tific research problem, the writer has the idea 
that it might be of some help to some exas 
perated user of large cast gears or some 
befuddled foundryman with limited equipment 


for experimentation. 





Tooth Profile, Etched at 200 Diameters, Showing 

Heavily Cold-Worked Surface Metal Similar 
Structure to That of Cold-Drawn Wire 

Worked Out Into a Sliver Over a Surface Crac! 


January. 


"ey hI on & OP ae 
GSGINTERING 


of hard carbides & nitrides 


iis Ww. OD~p 
\ ] \ ] y \ 

{' TER rey ing the present stat i thy , 
the preparatl i sintered tunyst } imbue 
Wi with ( ybalt binder ‘ deseribed in detai 


lo prepare the carbids pure tungsten )) vale! pra 

ticle size » I 7 microns S mixed with glucose 
and lampblack, ball-milled, dried, and heated 1 hi 
at 1H00° ¢ Ina vacuum tube turnace, crushed 
reground and the heating evele repeated. Cobalt 


powder ts reduced trom oxalate in hydrogen. Miy 


tures of the two are ball-milled prior t pressing 

From 1 to 2 of iron contamination is picked 
up trom the bal mills Wet grinding caus 
higher contamination and creased oxidation 
dry milling. Improvements are effected by the us 
of reducing atmospheres « by replaces it of 
vater with benzene, but in these cases internal 
accretions torm in the ball mills he shihtls 
oxidized powder mixture is heated tor 3 hr. al 
below 700° C. in hydrogen 

Compacts may be pressed cold at p 
up to o0 tons per sq.in. and then sintered at) 1400 
to 19000 C. in drv hvdrogen Hot pres up 
12 tons per sq.in. may be done tor 10> mi in 
molds otf chromium steel heated to 600° ¢ ( 
pacting at 1100 to 100” ¢ mav also be done tn 
hot graphite molds and a hydrogen atn phere 
in such equipment pressure may go no highe 
than 2000 psi At the highest temperature 


pacting and sintering is done simultaneously 


\ representative test may be quoted: A powde! 


mixture 7. smaller than 8 microns ts milled 30 
hr. in hydrogen followed by 48 hr. milling under 
watel Its composition is 9.20 kan Ol Si, 1.09 

Cr. 3.86 Fe, 7.0 ( It is sintered and pressed 
simultaneously at 100° C. and 2500 psi.; the slug 


then has a Rockwell number of C-92 (60 kg pres 
sure Krom such tests, together with macro and 
micro examinations of fracture, and porosity 


specific gravity measurements, deductions can I 


made concerning suitability to manipulation by 
sintering technique It is emphasized that no test 
ot this character indicate the practical valu { 
such an alloy Only operating tests will do th 

By continuing the ball milling proce fine 
grinding) it becomes possible t vork either 
diminished cold pressures er sintering ten 
peratures, or shorter sintering time: Very fing 
powders, however, ny ve the undesirable possi 
bility of large recryvsta f 
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URTTICAL 


“<) © 


? +. 
a week's diary 


P VERY EARLY to catch the fast train to 

| Detroit which the New York Central Rail- 
road calls The Mercury anv train even pre- 
tending to be first class having a name these 
davs. It is a cause for wondering why the other 
day trains between Cleveland and Detroit rum- 
ble along at 13 miles per hr. when it is easily 
possible to do better with 
equipment that is not very 
light in weight. The Mer- 


cury does 60 miles per hr., 


High Speed 
Passenger 
Trains 


a 
ig 


including a stop at Toledo; 
the cars are rebuilt equipment, articulated in 
pairs with three four-wheel trucks to two cars. 
Much attention was given to the spring suspen- 
sions, as the cars ride very smoothly, even 
through the station vards. Interiors are air con- 
ditioned and attractively furnished in the pres 
ent mode, especially the dining car, arranged to 
seat comfortably 56 passengers and so handle 
the large suppertime patronage on the return 
trip. The kitchen is in the car ahead, and inter- 
vening doors operated by an electric eve intrigue 
the observer. A steam locomotive with brightly 
colored streamlined slirouding draws the train: 
the “pants” on the engine are not exactly neces- 
sary, for the schedule is maintained by other 


locomotives when this one is laid up for repairs. 

















Qut to talk with Boegehold, Tobin and 
Jominy at General Motors Research Laboratory, 


and then adjourned for lunch with the “Cafe- 
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teria Institute of Technology” where the tech- 
nique of winning football games was discussed, 
most of those foregathering being University of 


Michigan alumni, and _ so 


Machining interested in the chances that 
Hardened the team could beat its tradi- 
Forgings tional enemy from Ohio 


State University. Then to 
Chevrolet-Forge with Elvin Mann and A. B, 
Wilson, who told about the development of 
their practice of machining forgings of S.A.E 
A1IS10 steel hardened and tempered to about 
Brinell $11. Also learned that at General Motors 
fruck axle shafts of S.A.E. 13140 were machined 
at Brinell 100 to 444. 
Detroit Axle Co. wrote later that his firm had 


Roy Roush of Timken- 


standardized on the last-mentioned figures and 
on occasion had even machined splines on 
2'.-in. shafts which had been oil quenched and 


drawn to 500 to 555 Brinell! 


that evening to the regular meeting of the 
Detroit Chapter &@. After more football talk 
the gathering split into five groups where dis- 
cussions were held on various important mat- 
ters. Harry McQuaid of Republic Steel Corp 
was chairman of one group and he insisted that 
metallurgists were over-emphasizing the hard- 
enability of steel meaning thereby 


the depth of hardening — without 


Salt 

Baths equal attention to other important 
properties such as machinability 
Harry Ford, of the 


chair- 


and especially toughness. 


more famous Henry's” organization, 
manned another group discussing salt baths, 
but most of those present appeared more anx- 
ious to acquire information than to transmit it. 
Fortunately Leon Slade of the Gleason Works 
of Rochester, N. Y., 


freelv of the methods used there for hardening 


was present and talked 


cutters made of high speed steel, a matter cer- 


) 











niv worthy of an extended article in a later 
ssue of Merat PROGRESS. 

Next dav in Chicago and to Lindberg Engi 

ring Co. to meet Lindberg Jr.. Stevenson 

d Roshong, full of ideas about furnaces for 


eat treatment in controlled atmosphere 


Fhen to Indiana Harbor where Hunter Nead 
orted me about one of the Inland Steel Co 


/ 


rks. Magnificent, as seen at dusk, was the 

w d4-in. strip-sheet mill, working like a clock, 

verting in a minute or so a mastodonic slab 

into a rosy ribbon of steel rip 

leaded pling out from the last roll-stand 

Sieel at half a mile a minute. All this 

huge aisle as void of men as a 

street at midnight, vet packed with 

bounded energy. We talked of his new 

iprovement in the machinability of steels by 

roducing a fractional percentage of lead into 

e molds during teeming, of the possible health 

zards due to lead fume in chimney gases 

( such serap steel is remelted either in the 

ndry cupola or openhearth furnace, and of 

e difficulty in getting check analvses of traces 

lead in the atmosphere, and even of small 
nts in the steel 

\s to the latter point, both Charles Morris 

nson of Crucible Steel Co, and C. B. Francis 


Carnegie-Ilinois Steel Corp. assure me that a 
ood chemist will have no trouble in checking 
results on a given sample (as there are at least 

ir rather simple and very accurate methods 
rr determining lead in steel) although a routine 

ilvst might get funny results until he became 
istomed to the precautions necessary bom 

How About the Sampling’) Wright of Lucius 

tkin, Inc.. emphasizes that unusually large 

regation in lead may be expected throughout 
single ingot as compared with the other el 
ts. Lead has a density about 1.5 times that 
liquid steel and a boiling point below lappin 
nperature and forms no alloy with iron or the 
elements usually added. Hence the mill 
ilvsis and the check by the purchaser may 


bye iccurate, vet considerably § different 
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Up to Milwauke: 


whic hy carrie ad 


all, doubtle SS 


Ol ah Cl “ha ‘ ira 


cur the daddy of then 


swank oO Tol VISITOrS to thre 


Columbian Exposition, replete with an oaken 
colonnade and black leather upholste: inal 
a Millet svivan embroidered in) needk 
point, framed resplendently at the end lt 


should be a museum 


exhibit within the austere 


tower sheathed in aluminum and glass, built by 


A. OO. Smith 


Difficult 
Corrosion 


Problems 


talked of 18-8 stainless 


leum industry 


for thr envinecring and 
research departments bher 
Sam tlovt and Merrill 


mad another visitor 
Stokely from Standard 
o of California Wi 
steel used in the petro 


l\ suid his) tirm had 


innumerable 18-8 tubes in cracking still service 


and those ter 


new Some occasional 


from the fire side 
CSCS have been 


ill the facts and expla 1) 


tubs develops 


it ighbors im 


anular crackin 


rdvanced., Paonia of vhich | 


old Were still is hood is 


failures were bv inte 


rand oxidation leading inward 


Several explanatory hypoth 
| | 


why, now and thet " 


cracks whereas il] is 





Variatiol » 4 


\\ some mols 


yore bou 


rv three nozzles 
li ser e the 

itl thre rest ) 
satista ol 


tinguishable chem 


lo I ipl ill 


found fo resist pla 
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material does not and this is now an added 
acceptance test for 18-8 in that party ular serv- 
ie quite pragmatic, for there is no phosphoric 
acid in the liquids being handled. Sam Hoyt’s 
flesh must creep when he thinks that he might 
have gotten hold of the wrong material first. 

As long as such unexplainable variations 
exist in stainless the producers can expect 
important customers to demand literally “tailor 
made” alloys for each special purpose. On the 
other hand, abolition of several current varieties 
is even now the aim of steel makers, and definite 
recommendations along this line were recently 
made by a technical com- 
mittee headed by Lewis 
Bergen of Crucible Steel 


Co. of America. John Van 


Limitation 
of Types 


Deventer, editor of our aged contemporary The 
fron Age, predicted that the present annual out- 
put of 100,000 to 125,000 tons of stainless ingots 
could go to one million within the next decade 
if producers would pool their research activities 
and cooperate in) vigorous promotional cam- 
paigns. These speeches, together with another 
by Dr. Krivobok of Allegheny-Ludlum on the 
early history of stainless, were made at a later 
date in Pittsburgh, when the Stainless Steel 
Committee met to celebrate the 25th anniver- 
sary of Brearley’s discovery with a feast and a 
symposium at most resplendent banquet tables. 
Of the American pioneers, happily Messrs. 
Becket, Johnson, Armstrong, Clark and Browne 


were present and in good health. 


Next, to Allis-Chalmers plant were Harold 
Stein showed a modern weldery, busily con- 
structing heavy machine frames of steel plate, 
and an enormous old foundry where the work 
used to be done, but now largely filled with 
mechanized units for mass production of gas 

engine and tractor parts. In 


t imbrella 


Furnace 


the heat treatment department 
are several furnaces of his own 
design he calls an “umbrella 
furnace’. These are turrets with domed top, 
built in a round steel casing. The hearth rotates, 
carrying the load from charging door around 
and back to the same door for discharging. 
The hearth has a central hole above a vertical 
fire port, and up which comes the heating flame; 
the hot gases spread out in all directions on 
hitting the crown of the roof, and are drawn off 
at small flues spaced around the wall at hearth 
level. Not only is there no cold spot near the 


door, but the scaling effect of the atmosphere 


can be controlled somewhat by the position 
the gas burner, up or down, in the entrance po 
Ordinarily, combustion of the fuel gas (butan 
should reach completion only at the instant t 


cases reach the exit. 





On Friday by train to the University of Wis 
consin at Madison, where a group at the Faculty 
Club made good luncheon conversation. Pre 
fessor Withey was interested in the uniformit 
of the new strong structural steels; McCaffery 
Oesterle and Ragatz in everything from ore to 
finished metal. The metallurgical faculty has 
had a windfall a fine building formerly occu 
pied by the Forest Products Laboratory. My 


host, Edward Bennett, professor: 
A New of electrical engineering, thet 
Welding demonstrated his new discover 
Method of the “proximity effect” 


localized heating of metal by 
alternating currents of radio frequency. If suc! 
a current is led through a water-cooled coppe! 
tube, and this is placed close to bul not touching 
a steel plate, induced currents rapidly heat the 
steel immediately beneath; the effect is more 
intensely localized the higher the frequency ot 
the fluctuating current and its wattage. It fol 
lows that if two sheets of steel with matched 
edges separated 0.10 in. or so, are short-circuited 
at one end and the others connected to the cu 
cuit in series, the oscillating currents will hus 
the adjoining edges which are rapidly brought! 
to the welding heat. He and his research assist 
ant, G. LL. 
between two !, x 6-in. bars; the 30,000-cycle cut 


Goumeniouk, made a butt weld 


rent at 2400 amperes and 20 volts, but with a: 
input of 14 kw.. was on for 18 sec. before the 
vrips squeezed the ends together. A number o! 
interesting properties of this current were als 
demonstrated: The forces acting across the ga] 
are repulsive, so that irregularities in spacings 
tend to equalize. Likewise, any are = struck 
between the adjacent edges is driven by the 
magnetic field with great speed toward regions 


of lower potential, where it is snuffed out. 
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CORRESPONDENC 


from home 


and abroad 


European Welding Practice 


as viewed by an American 


hast PrrrspurGu, Pa 
lo the kditor of Mervar Progress 
Returning from a trip of several weeks 
England and on the Continent, during which a 
special effort was made to view important weld 
work, one arrives at the generalization that 
the fabrication art and design is being deve lope 7 
is rapidly over there as in the United States 
In all instances economic and industrial condi 
ons shape the commercial utilization 
lor instance, production in Europe is gen 
rally not as large in volume as it is in the 
lL nited States consequently there is not the 
demand for the expensive automatic welding 
equipment tm use in the United States Phis 
robably accounts for the more rapid develop 
rent and extensive use of special welding 
rrocesses in America Likewise, design details 
re often specified by the purchaser abroad, and 
ich purchaser has his own requirements. Con 
equently, it is not as easv to standardize on 
lesign as it is in the United States, which cond 
on interteres with high production 
Another economic influence is that wag 
tiles of European workers are lower, whilk 
W materials are somewhat higher than the 


re in the United States. This condition fre 


‘ 


juently makes it uneconomical to use manv o 


January. 


ur labor-say 


cle 

Man pulators 

Finally panes | {| nate il 
America are not comn vilabol 
consequently the et neer does lice 
much to choose from cit | 

Are weldin s the most widely cad 
hg process in | ope ( ited electrode 
ised almost exclusively in England and 
been for many vears In tlolland ‘ 
electrodes are of the coated Vp baile 
many the mato porti ot the electrode 
of the bare ivpes In France b bare 
coated tvpe electrodes ar sed a ella 
quantities of washed and lit dipped 
trodes Cored Ivy electrode ik its 
quently ised on the Continent 

lhe trend n Germa do 
foward coated ivy electrodes but at thr ) 
time their most ¢ lCnsiVve Ss eems to by 
fined to companies manufacturing electro 


their own use 


I bre possible expla ! ool 


extensive isc ol bare vp 
manv lies in the fact that 
the German State Railways 
much as these oO organiz 
te bye le riders I Cl nec 
manufacturers tend to foll 

General design practice 
to that in the lL nited St 
ippearance ts frequently ¢ 
close i ilvsis indicates 
iture of thre POWnTS 

NIost strik 1) s thre le 
products; mat small iten 
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even though this process does not appear to be 
the most economical. There are two possible 
reasons for this condition: 

1. It may be assumed that the use of weld 
ing is in the stage which many American indus 
tries passed through several vears ago. The 
idvantages of welding become so obvious aftet 
it is used awhile that designers become ovel 
enthusiastic and attempt to weld everything. 

2. A second reason is the limitations of 
other satisfactory methods of manufacturing 
small or complicated parts. Delivery dates are 
important; consequently it is often impractical 
to have castings made even though they might 
seem more desirable. Most companies do not 
have equipment to make pressings, and die cost 
and deliveries from outside suppliers again 
exert a tremendous influence. Also the low 
labor cost and low production of a single design 
makes it impractical to spend very much on 
tooling-up. 

Another important design item is the exten- 
sive use of small parts even on large equipment. 
It appears as if not enough time was given to a 
thorough analysis of the problem in order to 
eliminate unnecessary work. Furthermore, the 
inability to obtain large rolled shapes has often 
required the designer to build up steel parts 
from smaller sections. This condition, although 
unavoidable, requires large amounts of extra 
welding to replace the heavy shapes. 

There is a notable trend in Europe toward 
fabrication of structures from pre-machined 
parts in order to eliminate expensive final 
machining. Structures of this type have been 
fabricated by the English Electric Co, within 
tolerances of 0.008 in. Work of this type 
requires accurate, heavy fixtures and very close 
welding procedure and control. 

Annealing of welded structures is seldom 
done in Europe except for pressure vessels and 
parts which must not distort. Rotating equip- 
ment, railway car trucks and underframes are 
seldom if ever annealed for stress relief before 
being placed in service. 

lo summarize — the applications of weld- 
ing in Europe and America are similar, thereby 
indicating that its economic and engineering 
advantages are recognized on both continents. 
Many products, machines and. structures are 
being fabricated at the present time but there 
are many large fields ahead for welding to 


conquer, 
CHuaries H. JENNINGS 


Engineer in Charge of Welding Research 
Westinghouse Electric & Mfg. Co. 


Effect of Aluminum on Inclusions 


im Steel and Cast Iron 


Paris, FRANC! 
To the Editor of Mera. Progress: 

In a preceding letter on the formation and 
evolution of inclusions in steel (Mretrar ProGress, 
May 1933) we noted that the various additions 
to the bath during refining may, by altering the 
chemical nature of the inclusions, modify their 
form, number and_= distribution in short, 
metamorphose the inclusions, to use a_ term 
from geology. It might be useful to complete 
the discussion and illustrate this phenomenon 
in steel and cast iron by some characteristic 
examples of practical importance. 

In particular, certain additions may either 
coalesce existing inclusions — that is, reunite or 
assemble them — or, inversely, they may divide 
and disseminate them into finer particles. These 
opposing actions have each their advantages 
and their disadvantages. For example, the 
coalescence of sulphurous inclusions resulting 
from the addition of manganese to steel and of 
magnesium to nickel is thought to be responsi- 
ble for good forgeability in the ingots; these 
additions transform the sulphide films, which 
otherwise would form a network throughout the 
metal, into dispersed particles. 

A different and important action results 
from the addition of aluminum to a metal con- 
taining silicates in the form of more or less 
rounded, fusible particles. A little aluminum 
may react on these inclusions and cause the pre- 
cipitation within their mass of small crystalline 
constituents as very fine, more or less angular 
particles (recently observed by Castro and 
Portevin, Amberg and Hultgren). 

In reality, the modification in shape and 
distribution varies with the process of formation 
and the initial nature of the inclusions, as indi- 
cated in the attached diagram. This drawing 
shows that by adding aluminum to a meta! con- 
taining globular, vitreous inclusions of basic 
silicates the following alternatives may be 
obtained: 

1. Superficial reaction, with formation of 
particles consisting of a phase rich in silicon, 
followed by crystallization on cooling into alu- 
minum silicate or silico-aluminates of iron and 
manganese, these replacing the initial vitreous 
silicate partially or almost entirely. 

2. Superticial reaction with formation of a 
shell of aluminum silicate crystals, resembling 


on micrographic examination a ring or horse- 
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of irregular crystals, with or without a and silicates associated with the sulphides, an 
1 is residue. bearing in mind the effect of idhuminum 
4 fotal destruction, giving more or less killed steel, we can see what con plex effects the 
ittered clusters. of alumina or aluminum iddition of aluminum may ive and w aif 
rte cult it is to se re ite these val s ellects 
lhese various lines of action depend upon order to explain the final result on the steel 
nitial composition. of the inclusion and Dissolved aluminum has certa SII it 
sequently, upon the percentages of silicon, OUS Spc lic effects such as eliminatl of bli 
mvcanes and oOxXVgeen In the steel, as well as holes, influence on cl arith Si i it 
the conditions existing when the alumi modificatio i ilure, number and shape 
n is added to the liquid metal, such as thi inclusions, and its effect upon the primary and 
ntitv added and the temperature secondary crvstallization of the metal Live 
If we also consider that aluminum can effect upon primary crvstallization is a re t 
odifv. the aspect and shape (morphology) ol not only of the quiets idification (smatlles is 
Iphurous inclusions by reducing the oxides evolution) but also of the action of alumin 
(1 tha ! | SPOTL » ( mid 
S| ip ot thy nelusions iVviact 
ware , Sle nm various Ways tol stance 
as Ay 
coalesce cs ofl busi . 
lo ht 
Si/ico-alurninets favors their flotation to the top 
while a Spersiol al part les 
A ré " 
tends to increase the tlhneness of 
the structure by increas! thie 
number of solidification role 
eM Lhis effect of inclusions on 
, SWNT of crvstallization and supercoolin 
a, F. provides i hypotheti ilexplar i 
Wassy cement tion of the pronoul ced action ol 
aluminum on the graphitization 
of cast iron durin solidification 
especially when the cast iron has 
previously been submitted to an 
} oxidizing action to increase its 
hanes eb = hardening power (retain carbide 
of A 28E rather than produce raphite) 
Bit interpretation as we gave it a 
lew vears ago 1s as follows 
The quantity of oxygen dissolved in liquid 
cast iron is extremely small, as would = Il 
nferred from. thy equilibrium of carbon with 
oxvgen, and silicon with oxvgen l pon coolin 
but before solidification, finely divided 
sions of very small mass precipitate as a result 
f this low solubility of veen,. bul i nber 
vhich can be under re h control lhes« ‘ 
the nucle I rapl tizat Ni 1 thre i 
ron os nD) ted to a (liz lica 
mad it ire sla ed and s a esa les 
ence ind go! th t thre mney a aed 
SIons ni lara cs S nbe ad 
partially able to rise t e surfa Si les 
oxidized ist ld eal Ie I 
ron containil fewel! metall el tf 
; normal and 1 re TI Supel {) 
) f lt sions » Steels Ir dation also elin Mac cams al thea { , 
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of carbon oxide, and this intluences mechani- 


Whenevel 


cast iron is submitted to extremely oxidizing 


cally the coalescence of the nuclei. 


conditions (as by the addition of Fe.O, or blow 
ing with air), the tendenev would be toward a 
decrease in number of nuclei by growth, coales 
cence, decantation, and a corresponding 
decrease ino graphitic carbon even without 
any loss of silicon, the graphitizing element. 
On the other hand, the addition of a deoxi- 
dizing agent such as aluminum to a cast tron 
deprived of its non-metallic nuclei creates new 
nucle: by displacing the metal-oxvgen equilib 
rium toward still lower values and bv the 
formation of extremely fine inclusions. Of 
course, we have no actual proof of this, but it 
seems to me to tally well with all the facts, and 
can be correlated, for instance, with the fact 
found by Murakami and German authors that a 
killed cast iron solidified in vacuum and after a 
prolonged stay, tends to become white. 
ALBERT PORTEVIN 
Consulting Metallurgist 


Bronze or lron? 


NIAGARA Faris, N.Y. 
To the Editor of Merat. Progress: 

Referring to Mr. Collitts doubts (Meras 
Progress, December 1938, page 710) about the 
kind of metal being cast in the ancient foundry 
pictured on the December cover of Merat 
Procress, the type of fracture of the scrap leads 
to the belief that) the print shows an. iron 
foundry. 

Cuarces ©. Burgess 


| bal ( ivboicle A { irbo hte sears h | ibor itor S 


Permanent Magnet Alloys 


of iron, nickel and aluminum 


KOLN, GERMANY 
lo the Editor of Mevat Progress: 

In less than ten vears the magnetic allovs 
invented by Dr. T. Mishima have had an out- 
standing development. Researches by different 
investigators on the microstructure have given 
us a clear idea of the mechanism of their 
mechanical hardness and magnetic power. 
These phenomena appear to be associated with 
the precipitation of crystals, which in the state 
of greatest magnetic hardness are scarcely visi- 
ble under the microscope. The speed with 


which this ervstallographic separation proceeds 


is somewhat low, vel the degree of undercooling 


of the 
importance, In the iron-nickel-aluminum alloys 


parent solid solution is of particula: 


free of copper and cobalt the highest magneti 
power is secured only in an intermediate stat 
between the full suppression of reaction (fixa 
tion of unstable solid solution) and the begin 
ning of visible precipitation. Such a_ stat 
demands a carefully controlled cooling, as in a 
blast of air. 

Melting is preferably done in acid-lined, 
high frequency furnaces and demands special 
operating conditions because of the reaction 
between metal and furnace lining. If a basi 
refractory is used, an aluminum-rich accretion 
vrows excessively on the furnace lining. If the 
component allovs are melted separately and 
added in a mixing ladle, aluminum shows a 
positive heat reaction on mixing. The castings 
are poured advantageously, but not exclusively, 
in green sand molds. 

Phe exact alloy used depends on the desired 
magnetic properties; usually excellent values 
can be had from the ternary iron-nickel-alumi 
num alloys in the as-cast condition, by simply 
harmonizing the composition with the mass of 
the casting. Values so achieved are scarcely 
surpassed after special precipitation hardening 
alumi 


\n alloy containing 25‘. nickel and 15 


num in pieces of about in. wall thickness may 
have, in the as-cast condition, residual mag 
netism of about 5600 gausses with coercive fore: 
of about S00 oersteds. while after the most 
favorable heat treatment they showed 6200 
gausses and 195 oersteds. Some idea of this 
superiority may be had from the criterion pro 
posed by Kk. L. Scott in his article on Permanent 
Magnet Allovs in @ Metals Handbook 


that the product of residual magnetism by coe 


namely, 


cive ferce can be used as a measure of magnetic 
quality This product for the standardized 
chromium magnet steels is about 625,000; for 
the best commercial cobalt steel quoted by Mi 
Scott it is 2,300,000; for the Mishima alloy as 
cast 2,800,000; for the same in the heat treated 
condition 3.070.000, 

With further additions of cobalt or coppe! 
or both, the iron-nickel-aluminum alloys show 
a more complex and easily observable mechia- 
nism of precipitation hardening. As cast, these 
allovs are not useful because of their low mag 
netic values and they always require a double 
treatment composed of an accelerated cooling 
and a precipitation anneal. The necessary cool 


ing speed increases with the cobalt content 
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\\ more thal ) cobalt. furthe cobalt add Viv statemy rrpcouit Uhh ait f fail 


< are less effective than coppet Both silver h creep resistant steels, w Meesre VV 
‘ may be substituted for some cobalt or md Habar (| ‘ hats ce | | 
these allovs hie supposed Hnecessil eAperimn tal find ~ 
nu with special precautions to « liminate , Moly] ; 
rmal impurities in the tron has not beet lina 1 , ai hiv 
firmed by late researches = oad | 
\s to the magnetic power, an alloy will fail bw int vsta 
Sto 6 cobalt shows from x | 
250 gausses with 560 oersteds, lish National Phy Lal 
WM) gausses with 760 oersteds w Ol ~ tory up if ba vi 
duct BOO to 4,000,000) S é 
same allov with a further " vat 
per addition of ) had o100 ' 7 i a | 
sses residual magnetism with ned , : 
S00 oersteds coercive forces . ' ’ me 4 ;, , 


t £320,000) 


Citic t 


neither the as-cast nol 





i Phil \ i 
pitation-hardened condi ’ ” ly TT 
ire the allovs machinabl pat vit 

\fter a special, patented anneal to | 
treatment thev become luce th 
ible by high speed steel or hard faced Carbide spheroidisatio Iw hoc 1 
S hae I Brinell hardness number ther steels S accompa ed us ill 1 rhapore ved a 
( ises from 2BSO to 3o0. vet hard ervstals and tility unde! creep oOnaitions I | bine | i 
lations of alumina tn little intergranulat considerably reduced resistance t Cel moa 
WS Causes rapid tool weal such i conditrol tive Stee] ould imal lee 
| manufacture complicated shapes, which regarded as tallin the catego of ' 
vc cast only with great difficulty or not at creep resisting steels 
VOery useful process has been developed lf a molvbdenum steel whet | I ‘ 
ely dispersed magnetic material in the heat ie has high creep resistance but the tempera 
ted state is pressed with organic bindings ture is such that appreciable weake by 
bakelite in the desired form In this way thermal action occurs” befor nlerervstall 
cellent magnetic values are secured coel cracking is initiated. itis POSS ble that mprove ad 
rrees from 600 to 7o0 oersteds with very ductility. would by ivatlable Unfortunatels 
remanences of 6500 GVAUSSES mad more evidence obtained by thre Natio 7 Phivs 7 
duct about £000,000) Laboratory {this nvest TELE dicate that 
HANS Leaat S cracking ma Loe detected it extensi ol 
Metallurgical | ee between | and 2 For this reaso I still 7 
sider that. for reliable service over | pet (j 
where hy sy creep res tint steel ‘ ‘ 7 
Failure of Stull Tubes because of the orking stres 
cies Tal i eatel ree] i] {} 
) | MANCHESTER, ENGLAN ile el ee a \\ 
i} Fit, | ) 
Sewer Sf SRE AS. PMCMON ind Habart that the published N.P.L. t \ 
In the very interesting article on the abov: = 
rf YOON) > LMM) | ’ lel | ‘ 
ect by Messrs. Wright and Habart in vou seein” the GRO: a 
N ber magazine, some statements made by ‘ | 
de ‘ 
before the International Association § for 
iil i { ] { ‘ 
est Materials were questioned as bei | ree , ] 
lessly conservative, and even erroneous, I! " " 
et | or 
i the verv rare findings. bv those tw : . 
\merican metallurgists, of intergranular failure : 
5 R. W. I 
ferritic steels in high temperature, high pres ) 
. ser ‘ ( 
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Device to Regulate Intensity 


of Metallographic Wlumination 


CLEVELAND, OHIO 
lo the Editor of Mera. Progress: 

Regulation of the intensity of illumination 
of a micrographic specimen for visual observa- 
tion offers quite a problem, and regulation is 
too frequently done by restricting the pencil of 
light, with serious damage to quality. The use 
of neutral filters such as a dark blue cap fitting 
over the observation ocular is satisfactory for 
quality, but the probability of achieving opti- 
mum intensity is slight. 

We have solved this problem to our satis- 
faction by the use of two Polaroid disks, rotat- 
ing one against the other. The disks are the 
standard glass-mounted, bakelite-bound = style, 
approximately 2 in. in diameter; a mounting 
cell as sketched holds one firmly while the other 
can be rotated from one position, where its 
vibration plane is parallel to the other, through 
9). The device is placed on the cool side of the 
water cell, preferably with the 
fixed glass nearest the vertical 
illuminator and so mounted that 
its vibration plane is perpen 


dicular to the plane of incidence 


of light upon the vertical L 

illuminator (although this Disk A 

detail is not all-impor- 

tant). At) maximum, Fram Light 
= - 

about 26 of the white 20UNCE 











light is passed; at mini 
mum, practically none 
(0.2°.), so little that the usual 
dark lens cap need not be used. 
The color of the light 


toward the red end as the disks 








tends Y) 


The Abnormal Structure 


im carburized steels 


SENDAI, JAPAN 
To the Editor of Mevat Progress: 


“Abnormal” 


specimens and of soft spots in quenched speci 


structure in slowly coole¢ 
mens are frequently found in carburized hypo 
eutectoid steels. Many important investigations 
on this subject have been made, especially is 
the United States, following the classic paper of 
McQuaid and Ehn. 


There now exist two hypotheses on the cause 


See page 11 of this issue 


namely (a) oxygen and (b) high purity tron 
Phe oxvgen hypothesis, which is the older one, 
seems to be based upon the observation that the 
structure of steel becomes “abnormal” when it 
is carburized with an oxygen-containing cat 
burizer, such as carbon monoxide gas, while 
the structure of the same steel is “normal 
when the carburizer is a hydrocarbon, such as 
methane or benzene; also that an incompletely 
deoxidized steel shows the abnormal structure 
Phe high purity iron hypothesis, which 
is developed recently in) Germany, is 


based upon the fact that the structure of 


chemically pure iron, such as carbony! 


é iron or electrolytic iron, becomes abnot 
b mal after carburization, the coalescenc 
—_ of the eutectoid cementite being 
Disk B remarkable. 

lo Vertice In order to check the above 


aa 
UMNNEtonr 


theories, the present authors 


repeated published experi 
ments and arrived at the con 
both 


experimentally correct. 


clusion that the theories are 


Ilence we mad 
some further experiments along a new line, 
and would like to propose a new explana 


tion for the oxvgen hypothesis, that is, that 





are fully crossed, but since this 
is due to greater suppression of 
blue, the usual monochromatic 
filter gives all the correction desired. No polari- 
zation effect is found, since both disks are 
together, neither being in the necessary position 
to analyze the light. 

From the sketch the construction should be 
Polaroid disks A and B are held in 


clamp collars D and E, which probably could be 


oby iOUS. 


dispensed with if the bakelite rings b-b were 
thicker and smooth on their outside diameter. 
Collar EF is held fixed by three screws; collar D 
may be rotated by knob A in a 90° slot. 

Gorpon T. Wantiams 


Metallurgist, Cleveland Tractor Co. 
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| the oxvgen acts as a purifier for the normal 
steel which contains more basic elements 
than iron. The oxygen theory thus conforms 
very well with the high purity iron theory in 
essence, only the mode of expression being 
different. 

The main results of the present authors’ 
investigation will be briefly explained: 

1. In the abnormal structure found in the 
slowly cooled hyper-eutectoid zone, thick pri- 
mary cementite crystals are surround by zones 
of ferrite, the lamellar pearlite also being some 
what coalesced. When such a steel is quenched, 
soft spots occur, due to the formation of troostite 


at Ar’. Thus the abnormal structure and the 








*% 


soft spots come trom the sank origin and con solution in the outer lavet | the s LELLp le Tk 
sequently ought to be explained by one theory oxidized and segregate as oxide, leaving behind 
29 The formation of the abnormal struc the iron solid solution in a purer state; thus 
ture results from the coalescence of the cement the abnormal = structurs ind soft spots Th 
ind the formation of the soft spots is due to induced However, when the steel contains 
the fact that the velocity of the A, transforma nobler metals than iro such as nickel 
of the steel in question is relatively large cobalt, oxvgen mav react with iron but not 
is compared to its cooling rate through A nickel or cobalt, and sine » purification of the 
, The tendency of cementite to coalesce ron takes place, it retains a normal structure 
d the velocity of the steel to transform ars t) It is frequently observed that 
fected by the viscositv of the alpha and the pletely deoxidized steel shows an abnormal 
‘mma solid solution. When the steel contains structure lhe cause of this is generally attrib 
ss elements in solid solution, its viscosity Is uted to the action of residual oxvgen in the 
‘Iso less. Hence when the steel is pure in the steel, but this. we believe. is not a correct inte 
sense of having a low content of elements going pretation of the phenomenon \s the residual 
to solid solution (non-metallic inclusions are oxveen (in incompletely deoxidized, solid steel) 
<cluded in this discussion), the coalescence of is in the form of iron oxide or solid solutio 
ementite can easily take place and its A, trans md the main part of this oxvae can be 
formation velocity may be large, thus easily removed by reduction in the first period of tl 
nducing the abnormal structure and the soft carburization process, the structure of the cat 
< fs in such case. Hence the pure iron theory burized steel before carburizatio in 
wy be said to be correct, as it satisfactorily nificanes Hlence the residual oy ‘ 
plains abnormal structures and _ soft spots be taken as the cause of mbnormal truct 
| The formation oft ippeal npletel 
bnormal structures and soft deoxidized steel Phiis pola 
Spots dep nds not only upon Corrie ie ( tI a 
the viscosity, that is, the pur nav be lerpreted as 
of the steel. but also upon OWS When deoxtd 
it ooling velocity through ncomplete, all the deoxidizel 
e critical range When that idded to the batl erted 
elocity is large, it favors the nlo if Nae Line 
formation of normal structure forms Lusi TL 
both in samples” relatively fore searcely entet tl 
slowly cooled and quenched; a isa metathe « { 
vhen it is small the reverse is Lhe re th 7 | 
tru Consequently the nor pure tate tha {| 
lal and abnormal structures cnough deoxidizer were added 





mav be obtained at will by so that some silico! rimanga 
pl yperly controlling the cool nese enters into the steel as a 
velocity, irrespective ol metallic constituent ite! 
it purity of the steel Lhe propel deoxidatio Hlence if 
same mav be said about the formation of soft the pure iron, in such case, contains not any o1 
spots It mav also be said here that, given the but a slight amount of other metall elem 
same purity and cooling velocity, the fineness of t mav induce the abnormal structure 
the grain size also favors abnormality 7 Phe abnormal structure leel ade 
» The oxygen theory mav be considered dized with aluminum mavy also be explained as 
is valid only when the steel is purified by the ibove \s it is a very powerful deoxidiz 
ichion Of oxvgen, that is. the Impurities in steel compat d to manganese r silico onl 1 trace 
nore basic than iron, such as manganese o1 of it enters into the ste the metall ite 
silicon, are eliminated from solid solution by ifter proper deoxidatior mad » the lee 
e action of oxvgen. (Here the non-metalli remains purer than though the steel er 
clusions are, as already stated, out of con taminated by ferroma mese oO rerre 
sideration.) In the ordinary carburizing pro« Therefore when such stee rburized tl 
ess, Using a cement containing oxvgen, the abnormal structure appears 
reater part of such basic elements forming solid s Ihe steel deoxidized i 
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has often a fine-grained structure, and this fact 
has been known to bear a close relation § to 
tbnormalitvy, but they are really independent 
of each other, as pointed by Dr. Houdremont. 
Refinement of the grain size is to be attributed 
to the presence of very fine particles of ALO 
distributed in the matrix of austenite, while the 
abnormal structure, in this case, is attributed to 
the purity ot the solid solution in respect to 
metallic solutes, although the fineness of the 
vrain size favors the formation of abnormal 
Structure to some extent 

9 As has been stated above all the 
observed phenomena concerning the present 
problem are satisfactorily explained and none 
is left unsolved. 

It may be concluded that to prevent the for 
mation of abnormal structure and of soft spots 
in Steels of vood commercial vrade, the cooling 
velocity must be made somewhat greater than 
when heat treating the normal steels. 

Keizo [wast 
Masao Homa 
Metallurgical) Faculty 


linperial University 


Artistic Metal Work 


om 2 heroic scale 


SAN FRANCISCO, CALIP. 
lo the Editor of Merat Progress: 

Your readers may be interested in a piece 
of gigantic sculpture prepared for the 1939 
Golden Gate Exposition. [tis made in the same 
vseneral wav as the much larger and more 
famous Statue of Liberty that is, it is a thin 
sheet of formed metal supported by an interior 
skeleton structure of steel columns, beams and 
bars. Certain important differences other than 
size may be noted: The Statue of Liberty IS 
made of sheet copper for permanence, and all 
joints are riveted or soldered, whereas the giant 
Phoenix is of Armeo iron sheet with welded 
joints and the whole bird gilded with gold leat 
fol color. 

The work was copied from a small clay 
model prepared by sculptor Olaf Malmaquist 
Ihe idea of tmmortalitv is inherent in- the 
mvthological Phoenix, which, after its life span, 
is consumed in fire by its own act and then 
rises in vouthful freshness from its own ashes 
In this application, of course, it svmbolizes the 
rise of San Francisco from the ashes of fire and 


earthquake lt Lops the Tower of the Sun, on 





lreasure Island in San Francisco Bay, and wil 
serve as the “theme piece” for the Exposition 

The bird is undoubtedly the largest iro! 
figure ever made in the West. It is 22 ft. hig! 
weighs more than 5000 Ib.. and is made up of 
700 separate hand-hammered pieces of 14, If 
and 18-gage Armeo ingot iron. 

Wing spread is 21 ft. across and the Wings 
are folded; from shoulder to where the wings 
rejoin the body is a curve of about 17 ft. Con 
struction required the full time of nine crafts 
men for 60 davs. The 700 sections were welded 
into one whole by 6800 ft. of electric welds; 
this had to be done piece by piece, and any 
warp, twist and buckle was carefully smoothed 
out before proceeding. 

Che ingot iron worked beautifully. We had 


to “whale the davlights” out of certain parts to 





Statue of Herotc Stze Constructed of Metal 
by Methods Known to Ancient Artificers 
Except for the Modern Welding Process 


vet the exact shape and contour required for 
the head, beak, deep-set eves, and some of the 
fancy scroll work, for instance. It was neces 
sary to anneal only on the most difficult parts. 
where excessive hammering hardened — the 
sheets unduly. A quick application of heat from 
a gas blow torch brought it immediately back to 
softness and pliability. 

The Phoenix was assembled around an &-in 
H-column from which sprouted a cobweb of 
reinforcing braces. After completion it was cut 
into five sections, moved to Treasure Island, and 
rewelded around a duplicate H-beam anchored 
firmly into the Tower of the Sun. 

JoHN Foster 
Artistic Metal Works 
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ECONOMY — WITH A MORAL 


FLAME HARDENING of steel where exceptional wear 
resistant properties are required is a comparatively 
new process, but the economies resulting from its ap- 
lication in conjunction with Molybdenym steels, are 
most significant. They are graphic proof of the cash 
value of constantly re-studying your production 
processes and material specifications in the light of 
improved methods 

When high wear resistance plus good physical 
properties are required, flame hardening makes the 


use of relatively inexpensive alloy steels possible. 


PRODUCERS OF FERRO-MOLYBDENUM, 


CALCIUM 


Molybdenum steels, particularly SAE 4140, 4150 and 
high Carbon (0.40-0.50 


are exceptionally suited for flame hardening. They are 


C) Manganese Molybdenum, 


practically fool-proof. Molybdenum (next to Carbon 
is the most effective hardening agent normally added 
to steel. 

Molybdenum steels and irons make production dol 
lars go farther in many ways. Our technical books, 
“Molybdenum in Steel” and “Molybdenum in Cast 
Iron,” will be gladly sent free to any interested pro- 


duction executive or engineer. 


MOLYBDATE AND MOLYBDENUM TRIOXIDE 


<7 


Climax Me-lyb- den-um Company 


500 Fifth Avenue-: New Yo 


ee 


January. 
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PERSONALS 


R. G. Drinnan, Jr. &, tormerly 
with National Tube Co., Mehees 
port, Pa., is now with Youngs 
Sheet and Tube Co., 


Youngstown, Ohio 


town 


Bernard L. Schwaller &, Kens 
selaer °38, is with Durabla Mtg 


Co. as sales engineet 


Made designing engineer for 
Kimberly Clark Neenah, 
Wis R. Lee Homsher ©, fo 
merly 
Chalmers Mfg. Co 


Corp . 


sales engineer for Allis 


C. T. Williamsen ©, formerly 
district representative tor the 
Davton office, is 
Hyatt 


General 


rorrington Co., 
now associated with the 
Bearings Division ol 
Motors Corp. in the metallurgical 


department 





KEEP A DRUM OF 
THIS UNIQUE CUTTING OIL 
IN YOUR PLANT 





AMER) 
SULPy 


THE RESULT: 


eS  2 





__ Pat'd. Oct. 19, 1926 
CAS LARGEST SELLING 
VRIZED CuTTING OIL 


MAXIMUM CUTTING SPEED 
LOWEST POSSIBLE TOOL COST 
SMOOTH VELVETY FINISH —ANY STEEL 


D.A.STUART OIL CO. Ltd. 


CHICACO, U.S.A. 
Established /865 


Local engineering service and warehouse 


stocks at 


principal 


industrial centers. 
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Knight 
Chapte 


Promoted: Arden L., 


vice-chairman, Boston 
©. to district manager of sales 
Wheelock 


in New England for 


Lovejoy & Co., Ine 


Charles E. Morgan, Jr. @ has 
United 
Research Lab- 
to the 


Carnegie 


been transferred from 
States Steel Corp 
oratories in Kearny, N. J., 
Works of 


Illinois Steel Corp. as metal- 


new Irvin 


lographer in the sheet mill 


laboratory 


Harold H. Strauss © is now 
working in the stress analysis 
department of the Northrop Divi- 
sion of Douglas Aircraft Co., El 
Segundo, Calif 


John L. V. 
from. the 


Bonney, Jr. @ has 
resigned observation 
corps of Carnegie-Illinois and is 
now in the technical division of 
E. I. du Pont de Nemours & Co., 


Inc., Wilmington, Del 


J. W. Frame @ has finished 
Bethlehem = Steel 


training course and is now per- 


Cos student 


manently stationed at their 


Lackawanna Plant 
Gustav E. Guellich &, formerly 
States Steel 


Research Laboratory at Kearny, 


with United Corp 


N. J... is now metallurgist for 
George Scherr Co., Optical Divi- 
sion, New York 


Alfred K. 


retired to 


Martin @ has tem- 
porarily regain his 
health after 29 vears continuous 


service with Ludlum Steel Co 


Robert W. Lindsay © is now 
employed by the Association of 
Manufacturers of Chilled Car 


Wheels at Chicago 


Rolland S. French ©, M.1LT. °38, 


is now working as laboratory 


assistant for Bridgeport Brass Co 


Albert R. Pfeltz, Jr. @ is now 
representing Carnegie-Illinots 
Steel 


sentative in Syracuse 


Corp. as resident repre- 


Charles A. Conlin @ has been 
Mem- 
Brake 


appointed metallurgist at 
phis plant of Standard 
Shoe & Foundry Co 














400 Miles of Steel... 
lo light youn Ciganélle 





HAT book of matches in your 

J pocket would fall apart except 

/ tor that inconspicuous piece of sta- 

a pling wire. [It takes approximately 444 

miles of that wire every day to supply the 
enormous demand for book matches. 


Steel is even more important in almost every 
act of your daily life. Many food delicacies 
come to you in tin plated steel cans and are 
cooked on a steel range; the modern plumb- 
ing and heating of your house would be im- 
possible except for steel; your clothes, glasses, 
watch, shoes....all contain vital steel parts; 
you probably travel in a steel automobile or 
train to a steel framed office building or 
factory, to work at a steel desk or machine. 


All the comforts and conveniences of modern 
life. which have come to be considered ne- 
cessities, have been made possible by modern 
refinements in steels. Such refinements in 
steels do not just happen Youngstown 
maintains a great laboratory and an ex- 
perienced organization, always working with 
customers to find the steel best suited to their 
needs and products 


THE YOUNGSTOWN SHE 
AND TUBE COMPANY 


Manulfa 4 teels 


Gene ral Off ices “¥C | IN‘ STOW? N OHIO 


Sheet Plate I pe and Tt 4 ndauit mpc: 
a Rods and Spikes 2s 


YOUNGSTOWN 


E T 





. ’ , . Assigned to observation corps 

p ; R _ C) N A | » ul Duquesne plant of Carnegie- 

Illinois Steel Corp R. E. But- 

terfield ©, tormerly graduate 

assistant in the metallurgy 

Ross B. Hopkins @ is now with department at Case School of 
Weirton Steel Co. in the metal- Applied Science. 


lurgical department, 


W. P. Wallace @ has been 


George A. Bouvier @ has aban- transferred from research assist- 
doned consulting work to accept ant, United States Steel Corp. 
a position with General Cable Research Laboratory to Colum- 
Corp. as director of manufactur- bia Steel Co. as junior metal- 
ing development for all plants lurgist 


Time Marches on 
“it METAL CLEANING. too 





WHEELABRATOR CENTRIFUGAL BLASTING 
IS AIRLESS — REDUCES POWER NEEDS — IMPROVES 
THE FINISH — SAVES SPACE — CUTS COSTS 





Wheelabrator airless abrasive blasting is the modern cleaning method 
used by more than 600 foundries, forge shops, heat-treating shops, steel 
mills, and similar industries. General Motors has 35 units; Ford has 29; 
International Harvester has 21 and sixty-three other concerns have from 


2 to 13 machines each! 


Each of these machines was installed on the basis of proved performance 
in reducing cost, improving the finish, and speeding up production. It 
is not unusual to save up to 50°, by Wheelabrating and in most cases 
the investment is returned in from 6 to 18 months. 


Let us prove these statements on your own work by actual test. For 
complete information on Wheelabrating write for Catalog No. 212. 


"Am eri CA M1 FOUNDRY EQUIPMENT co. 
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Howard J. Booth ©, tormerl!: 
connected with Jones & Laughli 
Steel Corp., has accepted a posi 
tion as foreman with = Allies 
Metals, Inc., Niles, Ohio. 


Donald G. Foot & is at presen 
employed in the flotation depart 
ment of the Magna plant of the 
Utah Copper Co. 


Bruce S. Old @ received a do« 
tor of science degree in metal 
lurgy from M.LT. in June 1938 
and is now in the development 
and research department of Beth 
lehem Steel Co. 


Robert W. Wilson & announces 
the opening of his own office in 
Cleveland for the practice ol 
arog law, closing his association 
with Fay, Oberlin & F: 


Transterred: E. K. Wald- 
schmidt ©, from the Detroit office 
of Jones & Laughlin Steel Corp 
to the Pittsburgh plant as assist- 
ant Metallurgist. 


Frank W. Paine ©, formerly 
radiologist for Claude S. Gordon 
Co., is now on the staff of Kloste: 
Steel Co., Chicago 


Now heading his own enginee! 
ing organization in Chicago 
Clayton E. Plummer ©, formerly 
technical director of chemical and 
metallurgical engineering fol 
Robert WwW. Hunt Co 


Wilbur R. Varney @ has been 
assigned to the Maryland plant 
of Bethlehem Steel Co. 


Appointed research associat 
professor of industrial engineer- 
ing at University of New Hamp 
shire: Daniel S. Eppelshemmer 
©. formerly with Union Carbide 
and Carbon Research Laboratory 
Niagara Falls, N. Y 


Recent appointments at Gary 
Works of Carnegie-Illinois Steel 
Corp.: Erle G. Hill @ as assistant 
to general superintendent In 
charge of technological coordina- 
tion: John J. Golden @ as supe! 
intendent of steel production; 
Robert A. Peterson @ as superin- 
tendent of the salvage department 
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{ Development of Paramount Importance 


To The Field Of Powder Metallurgy 


{nnouncing .. . 


INDUCTION FURNACE SINTERING OF METAL POWDERS 
AT EXTRAORDINARILY HIGH FREQUENCIES 


<< | 





Stee! 





high 


View of High Frequency 
Sintering Furnace 


HARDY METHOD OF INDUCTION 
SINTERING 


For many years we have conducted extensive ex- 
periments in the induction sintering of metal powders 
at frequencies far in excess of those ordinarily em- 
ployed in the melting and heat treating of metals. 
In this work Lepel High Frequency Converters were 
employed. The results obtained were so remarkable 
that special furnaces have been designed. These 
furnaces and converters are now available to all 
those who employ Powder Metallurgy methods either 
for experimental or for production work. Batch or 
continuous methods may be employed with or with- 
out controlled atmospheres. 


REDUCTION OF SINTERING PERIOD 


In induction sintering the object is heated by in- 
duced current. At specially high frequencies the in- 
duced eddy currents greatly accelerate the diffusion 
or alloying of the component metals. The sintering 
of three or four elements to form an alloy often re- 
quires 25, 50 or 100 hours by the usual electric re- 


gear trom 
powders sintered in 
frequency 
furnace 













Lepel High Frequency Power 


Converter 


sistance furnace methods. In many instances high 
frequency induction sintering reduces such periods to 
a matter of two to three hours. The period required 
for sintering bronzes has been reduced from one-half 
hour to five minutes to obtain equivalent results. 


OTHER ADVANTAGES 


A reduction in sintering period makes possible a 
vastly increased production and a saving in con 
sumption of electric power and controlled atmos 


pheres. Distortion of objects during sintering is min 
imized. 

There are no electrical resistors to burn out. Thus 
very high temperatures are made possible. There is 


no insulation to absorb heat: the heat is concentrated 
in the material treated. 


From the economic standpoint this development 
opens many new fields to Powder Metallurgy. 


We suggest that you communicate with us for 
further information. Facilities are available for re 
search and development work. 


CHARLES HARDY, INC. 


415 LEXINGTON AVE., NEW YORK, N. Y. 


Exclusive Distributors of Hardy-Lepel High Frequency Sintering Furnaces and Lepel Electric Power Con 


verters For Powder Metallurgy Applications: 


By Arrangement With the Ohio Crankshaft Com 


pany—Tocco Division. 


January. |! 
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No special skill is required to decipher the marks on a 
Brown Multiple-Recording Potentiometer Pyrometer chart rec 
ord. Only one symbol—the sign is used and a number 
identifies the thermocouple from which the temperature re 
cording is being made. Transparent, non-fading, colored inks 
further aid in rapid, legible reading of the individual records 
Even where the numbers overlap, the records remain legible 


The Brown + symbol (an exclusive feature) in recording mul 
tiple-record temperatures, is no mere arbitrary, ornamental 


dot it has a definite, practical significance. The vertical 
line of the + represents temperature, while the horizontal! line 
is the time co-ordinate the intersection of the two repre 


sents an actual point on the time-temperature curve 


The wide 12-inch chart, and the distinct imprint of the unique 
number print wheel make it possible to continuously record from 
two to six temperatures from as many different thermocouples 


Maximum legibility in reading the Brown Multiple-Record 
Potentiometer Pyrometer is further accomplished by a large 
bold scale for long range sight reading 


There are many more refinements—each of real, practical 
value fully explained in the Brown Potentiometer Catalog No 
1103—write for it. THE BROWN INSTRUMENT COMPANY 
a division of Minneapolis-Honeywell Regulator Co., 
4503 Wayne Avenue, Philadelphia, Pa Offices in all 
principal cities. Toronto, Canada: 117 Peter Street—Amster- 
dam-C, Holland: Wijdesteeg 4—Stockholm, 16, Sweden 
Nybrokajen 7—London, England: 70 St. Thomas’ Street, S. E. | 




















AND 


MINNEAPOLIS-HONEY WELL CONTROL SYSTEMS 


To Measure and Control is to Economize 
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METALLURGICAL 


MOUNTINGS 
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SPECIMEN 
MOUNT PRESS 





ALL STEEL SECTIONAL 


AB SPECIMEN CABINET 
provides convenient storage 
space f f specimens p 
6-draw Ss Indexed sp 
ers Keep € € me 
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TRANSOPTIC 
MOUNTINGS 


The dream of the 


metailur t De Ime 





ASK FOR YOUR COPY OF “THE METAL ANALYST” 


OPTICAL INSTRUMENTS « METALLURGICAL APPARATUS 
228 NORTH LA SALLE ST.+*+* CHICAGO ILL. 
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HARD CARBIDES 


(Starts on page 61) lization unless caretul attention 
is paid to the sintering temperatures. Other dis 
wivantages accrue with extreme fineness of particl 
size. In many cases extreme fineness Is unnecessary, 
since very low porosities are obtainable with rela 
tively coarse particles if attention is paid to getting 
the proper size distribution. 

Increasing cold pressures lead to marked 
improvements of hardness, although invariably a 
falling-olf is noticeable at the highest pressures 
Similar maxima are noticed with respect to sinte 
ing temperatures No advantage is derived by 
sintering periods in excess of half an hour 

A survey of such phenomena and a study of 
the equilibria involved make it possible to chooss 
for each combination of particle size distribution, 
die pressure, and sintering time a most suttabl 
sintering temperature. For the very best results 
this temperature is tairly critical and necessitates 
close control as are also die pressures and pow 


der characteristics 


Other carbides (as well as other binders 
were experimented with, and have commercial 
possibilities The W.4 series Is not so satistac 
tory as the normal tungsten twpe. Chromium eat 


bides are unsatisfactory only in the tendency to 
cracking, presumably by oxidation. Molybdenum 
carbides oxidize too readily The high commercial 
price of tantalum precluded an extensive examina- 
lion of its carbide, although sufficient was done t 
confirm its high repute. Mixtures of titanium cat 
hide and cobalt lead to compacts of great hard 
ness if oxidation is prevented and sintering ts 
performed at 1700 to 20007 ¢ Good results are 
obtainable with mixtures of tungsten and titanium 
carbides with cobalt 

No satisfactory method of bonding silicon o1 
boron carbides for the formation of a cutting 
material was discovered. 

Nitrides \n extensive series of tests was 
made upon various nitride mixtures. Nitrides were 
prepared by heating the metal powder in ammonia 
gas at appropriate temperatures. Several consecu 
tive milling and heating stages were necessary 
milling took place under hydrogen, and deoxidation 
in ammonia. Of more than 70 tests made, only 16 
led to fairly Satisfactory allows with respect to 
hardness and density. These are summarized in 
the article. The average hardness of nitride com 
pacts was far below that of carbides, possibly duc 
to inadequate bonding and porosity rather than 
intrinsic softness of the nitrides themselves 
Satisfactorily sintered and bonded, titanium and 
vanadium nitrides are expected to lead to hig! 


quality cutting allows 
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BRISTOL’S MULTIPLE RECORD WIDE-STRIP PYROMETER 


with new multi-color numeral printing mechanism 


gives you up to 8 temperature records 


on the same chart 





© 1935 COPYRIGHT FOR YO 





PHOTOGRAPHS BELOW SHOW—LEFT: Mulrip! 
he large numeral on the front face enables the oper 
he indicator scale. RIGHT: Another clos 
le removed, showing the ink pads. Nun 
s or in the same color as ordered, Or tl 
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EACH RECORD INSTANTLY IDENTIFIED 


On the specimen chart reproduced above, ma 

the new Bristol's Multiple Record Wide-Strip Pyro 

meter, the temperature record marked lis for Ther 

mocouple No.1 and shows the series of temperature 

re idings it one point That marked 4 is tor lhern 

< yuple No. 2 lo« ited at another point And $0 Tor 

the remaining three record 

Each dot is an accurate ten perature measurement It 
rks on the chart the exact intersection point | 

tween the vertical t crat and horizontal ¢ 

l Zz gar t temperat t if 

tl “ it w t Each re l is print 

i i nt ¢ ] ita 

For tel 1u10On new Br Multipl 

Record W ide-Strip Pyrometer,write for Catalog 1452H 


THE BRISTOL COMPANY WATERBURY, CONN 
Br Ot \ I ‘ I ( , I 
Los A N ‘ I I 


t . ( 
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EVERYDAY! 


There is a new customer 


and a new application for 


PARK KASE 


Liquid Carburizer 


This is not just coincidence 
It's a Fact! 


@ PARK KASE is economical 
@ PARK KASE is versatile 
@ PAKK KASE can be adapted 


to your work and your 


special job. 


PARK KASE is the liquid carburizer, 
which will meet your require- 


ments at least cost. 





Park Kase is manufactured by a company that 
has—for over a quarter of a century—specialized 
in heat treating materials. 


Carburizers Quenching Oils 
Lead Pot Carbon Tempering Oils 
Cyanide Mixtures Pressed Steel Pots 
Neutral Salt Baths Furnace Cements 
Meta! Cleaners Carbon Preventer 











PARK CHEMICAL CO. 


DETROIT 




















EXHAUST VALVES 


(Continued from page 54 The valve is a hollow 
forging, sodium filled in stem and head, with a stem 
diameter of nearly !! in., nitrided for that part of 
its length that does not get “washed” by the hot 
exhaust gases. The valve seat is stellited. It was 
not so long ago that valves finally passed a 300-hr 
test, to the gratification of all parties concerned 
Today aircraft valves are operating 5000 hr. and 
beyond, and even then in excellent condition. Such 
an achievement represents a combination of mate- 
rials, clearances, lubrication, alignment, and surface 
finish. 

Credit is due to the British aero-engine manu- 
facturers for adopting stellited valves and also the 
steel insert at the exhaust port, although stellite 
was first produced in the United States (the best 
of this material still comes from there) and was 
tried there some vears ago on automobile valves. 

Since British aero valves are not cooled by 
sodium in the head, but only in the stem, they run 
at fairly high temperature. In order to prevent 
scaling of the head (and liability to pre-ignition 
some firms put a thin layer of stellite or “Bright- 
ray” over the whole of the exposed head surface 
“Brightray” (SO nickel, 20 chromium) has 
been found superior for this purpose; treated 
valves come out of the engine at overhaul times 
looking comparatively clean. 

Some successful tests have been made with 
complete valves of Brightray, forged. Due to rela- 
tive softness, the stem wear was high. This might 
be overcome by a very high surface finish and by 
keeping the stem and guide clearances as small as 
possible; Brightray work-hardens to some extent 
and if a small initial clearance is given, it should 
settle down reasonably well after a few hours’ 
running. The action would probably be equivalent 
to that of austenitic valves, such as D.T.D. 49-b, 
employed by some of the engine people without 
nitrided stems, and vet which perform quite satis- 
factorily Although Brightray is more expensive 
than D.T.D. 49-b, a number of operations can be 
eliminated, particularly that of puddling a more 
heat resistant material on the seat and head 

Valve Seats -A valve seat insert should be 
fairly hard to avoid sinkage, and it should also be 
resistant to oxidation and corrosion. Fortunately, 
the working temperature of the insert does not 
approach that of the valve, and therefore it is not 
so subject to attack as the latter. 

Good results have been obtained with some ot 
the alloy irons, particularly those containing high 
percentages of chromium and molybdenum with 
Brinell number 500 and over, as cast. Such inserts 


are usually individually east, (Continued on p. 90 
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TREAT / 


Yes . it's our treat, and the automobile 
plant pictured here (one of the country’s 
largest) is getting results with its carburizing 
which have proven superior year after year, 
Your plant can enjoy the same benefits 
faster production, deeper and more rapid 
penetration, more uniform case, longer pot- 
life, and lower cost per part carburized. A 
Houghton Man awaits your call to furnish 
proof or answer any questions 
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E. F. HOUGHTON & CO. 
Chicago - PHILADELPHIA Detroit 
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: Houghton's Pearlite Carburizer is used in Q-Alloy pots 
to carburize gears in the gas-fired furnace shown above 

i which is one of seven similar furnaces in this department 

& The photo at the right is one of 15 salt pots where parts 


are carburized in Houghton's Perliton Liquid Carburizer 
at 1500° F 


For the best low-cost heat treatment of steel, 
Houghton provides salts for drawing, an- 


Te 


r nealing, hardening, normalizing; oils for a a a oe 
{ quenching; metal cleaners; drawing com- The Houghton Line, write 
us on your letter-head 


pounds; rust preventatives 


THE HOUGHTON LINE 


ER) Ete 


OF METAL WORKING PRODUCTS 
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NOTES ABOUT CONTRIBUTORS 


Robert Samuel Archer, past president @, has 
crowded a wealth of metallurgical experience into 
his two score and three years. His principal inter- 
ests have been in aluminum and steel, but he has 
made important contributions in other fields. His 
versatility is reflected in his attainments as author, 
inventor, executive and lecture Archer received 
his chemical engineering degree from University of 
Michigan, where he had the rare privilege of serv- 
ing as assistant to the late Prot. Edward DeMille 


Campbell. In February 1919 he began his alumi- 
num work in Cleveland and from 1925 to 1930 he 
was head of the Cleveland section of the Aluminum 
Research Laboratories In 1930 he became director 
of metallurgy for A. O. Smith Corp., and since 1934 
has been chief metallurgist, Chicago district, Repub- 
lic Steel Corp 
proposed the slip interference theory of hardening 


As co-worker with Zay Jelfries he 


and therefore is eminently fitted to summarize and 
review critically the Hardenability Symposium pre- 
sented at the 19388 @ convention 


S S s 


Scholarship men, studying in foreign coun- 
tries, have a habit of remaining there in after life. 
C. A. Liedholm is such a one. He received a scholar- 
ship from Jernkontoret (Swedish Llron Masters’ 
\ssociation) in 1928 for the study of electric steel 
melting in the United States. Since 1929 he has 
heen with Jessop Steel Co., Washington, Pa., and 
is now metallurgical engineer in charge of physical 
and metallographical laboratory and research. His 
early education in Sweden was at the Filipstad Min- 
ing Academy; prior to coming to this country he 
was chemist for DeLaval Separator Co. in Stock- 
holm and assistant metallurgist for the Hellefors 
Co. Since his arrival he has won a B.S. in Met. 


Eng. from Carnegie Institute of Technology. 


James L. Avis Robert S. Archer 


“Graduate school activity at Penn State, with a 
Ph.D. in physical chemistry in view, ended in the 
latter part of 1927, when the lure of the Aluminum 
Co. of America proved greater,” writes John S. 
Marsh, who prepared the report of the A.S.M.E 
meeting appearing on page 51. His sojourn at the 
Aluminum Co. was brief and a year with Keuffel 
and Esser Co. followed. Marsh’s definite hanker- 
ing for metallurgy had its chance in 1930, in the 
early days of Alloys of Iron Research of the Engi- 
neering Foundation, when he became a member of 
the editorial staff; since 1933 he has been its phys- 
ical metallurgist and associate editor. His share in 
the work of the Foundation has not been insig- 
nificant, as attested by the volumes on “The Alloys 
of Iron and Silicon”, “Principles of Phase Dia- 
grams’, and “The Alloys of Iron and Nickel”. 


S o ad 


The versatility of James L. Avis’s career is 
reflected in his letterhead “Consulting Metallur- 
gical Engineer, Research in Physical Metallurgy 
With Photomicrography, Production, Heat Treat- 
ment, Tests, Inspection, Causes of Failure of Metal 
Products”. Trained at Virginia Polytechnic Insti- 
tute, he served an apprenticeship in the B. & O. 
locomotive shops before being transferred to the 
laboratories where he learned routine testing and 
inspection along with considerable experimental 
work. Followed two years on automatic machine 
design at Winchester Repeating Arms Co. and eight 
years on the research staff of Robert W. Hunt Co. 
He then made connections with several mid-western 
foundries, both ferrous and non-ferrous, and had 
an opportunity to engage in research in physical 
metallurgy under the late Walter Rosenhain. His 
specialty, during the 15 years he has conducted his 
own business, has been in civil and admiralty litiga- 
tion involving failure of equipment and machinery 


\. Liedholm John S. Marsh 
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APPY NEW YEAR TO A#.S.M. AND 
MOOTH SAILING FOR 1939. 











Seitz PANPHOT 


The ideal Microscope - Camera Combination for the 
metallurgist with the following outstanding advantages. 


Built-in illumination system perma- . The object stage of the upright micro- 
nently aligned. scope faces the observer who can 
always see the area of the specimen 


Incandescent lamp for visual observa- oiitaly ts Chinese 


tion and improved arc-lamp of high 
and uniform intensity for . The polished surface of the specimen 
photomicrography. does not rest on the support and the 
] danger of scratching it is completely 

eliminated. 


Most convenient transition from visual 
observation to photography. Ground 
glass visible from sitting position. 


From lowest to highest magnifications. 


Alll illumination methods can be used: 
brightfield, darkfield and polarised 
light. 


W rite for Catalog No. 13-J 


F LEITZ INC 730 FIFTH AVENUE, NEW YORK, N. Y. 
+ J e WASHINGTON ~- CHICAGO ~-_ DETROIT 


Makers of the famous LEICA Cameras Western Agents: Spindler and Sauppe, Inc., Los Angeles - San Francisco 
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YOU can make every day in the new 
@ year a happy and prosperous one if 

you will decide now to modernize your 
Shop with new Pangborn blast cleaning 
equipment. Scale, rust and dirt can be re 
moved quickly and economically from heat- 
treated dies, gears, tools, etc., with Pangborn 
Air or Airless Blast Cleaning Equipment. 


Pangborn Airless ROTOBLAST Barrels, 
Tables. Cabinets and Special Machines are 
the latest sensational developments for clean- 
ing schedules where finest finishing is desired 
at lowest cost per ton. 


Paid for itself — 
IN LESS THAN ONE YEAR 


@ A well-known concern says: ‘Retort carburizing, 
figuring conservatively, saves us 2c per pound.” 


@ This means that equipment pays for itself in less 
than a year — Investigate. 


Pangborn standard compressed air Cabinets 
are usually recommended for smaller, man- 
ually controlled cleaning. 


Let Pangborn engineers show which type 
equipment will be most profitable for your 
use. Write to us today. 


PANGBORN CORPORATION 


Send samples of your work for 
P y World’s Largest Manufacturers of Blast 


a demonstration. 





Cleaning and Dust Control Equipment 











HAGERSTOWN ---MARYLAND 
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Serican Gas Furnace Co. 
Elizabeth, New Jersey > UV SiSiSiViVVVswViswVwVwViVieT 
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© New pv Pont DEVELOPMENTS... 





and Plating Research stimu Continues 


ONSTANT research at the du Pont 
C electroplating laboratories has 
rought new and better chemicals, im- 
proved processes and methods of ap- 
»lication. wider fields of use. These 
new developments have opened up en- 
irely new sales opportunities for the 
lectroplater and the manufacturer of 
etal articles. The experience of many 
ears in making chemicals has naturally 
assisted in the development and crea- 
tion of standard and special chemicals 
ind processes for their efficient and 


econonk al use, eC. g.°: 


1. High Speed Copper 

The advanced cyanide process for pro- 
duction ol heavy. adherent coatings of 
bright copper, in '4 the usual time. 
Soft. fine-grained deposits which can 
bye easily buffed—excellent surfaces for 
bright or dull nickel plating. Highly 
efficient. easily installed and controlled 
in usual cyanide plating equipment. 


2. “Cadalyte”* 38 


{ new and improved cadmium salt 
lor economu al production of protective 
and ornamental finishes on iron and 
steel. Contains all the active ingredients 
for producing bright deposits without 
bright dipping. 


3. “Cadalyte’’* Maintenance 
Compound 


In maintenance, as a substitute for 
sodium cyanide, this new product is de- 
signed to keep cadmium plating baths 
operating at maximum brightness and 
efficiency. Cuts down analyses. Simpli- 
hes control and operation. Introduces 
the correct amounts of sodium cyanide. 
organic and inorganic brightener, auto- 
matically and periodically, 


4. “Zin-Q-Lyte’’* 

\ complete plating salt for brilliant 
zine finishes on iron and steel without 
after-dipping. Simple maintenance. 
Particularly useful in barrel plating. 


S. Du Pont Bright Zinc 

A most economical process for highly 
protective and decorative zine castings 
on steel and other metals. Solution 
easily made up from standard chem- 
icals. Excellent throwing power, Wide 
operation range. 


6. Du Pont Carbonate Remover 

An economical product for effective 
removal of excessive carbonate from 
plating solutions. Saves dumping or re- 
placement of bath. Increases efficiency. 
reduces maintenance cost. 


>. Pat. Of 
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DU PONT ELECTROPLATING SERVICE 


Du Pont Service begins with chemicals for surface prepara- 
tion and includes reliable products for all kinds of protective 
and decorative metal finishing. The field staff comprises a 
group of practical plating men, with progressive ideas. It is 
available for assistance in any problems involving selection and 


use ofa plating chemical. process or dey elopment of anew finish. 


POM 
ELECTROPLATING 


Chemicals... Processes... Service 


E.I. du Pont de Nemours & Co., Inc. 
Electroplating Division - Wilmington, Delaware 
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Four! “good” cutting 


steels for 1939: 





CLARITE: Standard High 
Speed Steel. 


VANITE: High Vanadium 


High Speed Steel. 


MAXITE: Cobalt Super 
High Speed Steel! -_ 


MOLYITE: Molybdenum 
High Speed Steel. 


COLUMBIA TO 


200 € STREET 
| a 

















Hyper-Carb 


Process 





Vufjleless GAS CARBURIZING 


ELIMINATES 
(a) Better grain structure (a) Muffle 


PRODUCES 


(b) Muffle Maintenance 
(c) Repair Delays 

(d) Special Gas Unit 
(e) Size Limitations 

(f) Cleaning operation 


(b) Uniform case 

(c) Deeper case 

(d) Reduction in time 
(e) Fuel economy 

(f) Better Product 


Write for Details — Bulletin No. 115 
Ask Our Customers — Consult Continental 


A Quarter Of A Century Of Dependable Service To Industry 





CONTINENTAL INDUSTRIAL 
ENGINEERS, INC. Ke 
(le) aaiv ia. age 


201 NORTH WELLS STREET. CHICAGO. ILL 
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EXHAUST VALVES 


(Starts on page 54 and must be ground all ov 

Heat treated high speed steel is also very satis 
factory and it can be machined before heat treat 
ment. One of the leading American car firms ha 
been using it for three or four years, and expect 
about 30,000 miles before valve attention ji 
required 

Silcrome No. 1 is also a good insert material 
machinable direct from bar stock, or, better still 
forged individually. 

Probably the most satisfactory insert is a stee! 
ring with a stellited seating, the grade of stellit: 
normally employed being No. 6 

If durability rather than cost is the ruling 
factor, then probably the best valve and _ insert 
combination is one having a stellited valve of 
austenitic steel and a stellited insert, both using 
No. 6 grade. Not only is it hard (approximately 
Rockwell C-45 to 50), but it is also very resistant 
to oxidation and corrosion. (Silcrome is somewhat 
tricky to stellite satisfactorily without fine cracks 
and a grain growth which cannot apparently be 
rectified by subsequent heat treatment 

During the last year or so Brightray has come 
to the fore in England for treating valves and 
inserts. It is a nickel-chromium alloy consisting 
roughly of 80% nickel and 20° chromium. So fai 
it has only been used for aero-engine valves by 
well-known methods of welding-on for hard sur 
facing. Its melting point is somewhat higher than 
that of stellite, and care must be taken not to over 
heat the valve material. 

Brightray is fairly soft, having a Brinell num 
ber of about 230, which is similar to that of D-T.D 
19-b valve steel, and it goes somewhat lower than 
this after puddling. Experience in aero engines 
has shown, however, that Brightray treated valves 
have a superior resistance to oxidation and corro 
sion. Despite its relative softness, it does not sink 
under the pounding of valve on seat; it is quite 
ductile and has little tendency to crack a type ol 
failure sometimes found in stellited seatings 

While inserts of aluminum bronze and also 
monel metal are satisfactory for aluminum eylin- 
der heads, these have been discarded by the aero- 
engine manufacturers in favor of steel. The steels 
used are usually of the high expansion variety, 
such as “N.M.C.” (Ni 12 Mn 5%, Cr 3.5%, C 0.0 
to 0.65, Si 0.5 or D.T.D. 49-b: however Silcrome 
has also proved to be quite satistactory Steels such 
as “N.M.C.” and “49-b” have a high coefficient ol 
expansion and poor thermal conductivity; inserts 
therefore run hotter, expand considerably and 
may overstress the aluminum surrounding it, and 


loosen (Continued on page 94 
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and salt pots is at your disp. sal. 

















CYANIDE, LEAD 


MISC AND SALT POTS 















Misco pots are long life pots. This 1s MISCO ROLLED 

proven by service records up to 20,000 THERMOCOUPLE 

hours... That is why more than 100 PROTECTION 
TUBES 


users of pot furnaces specify Misco cy- 
anide, lead and salt pots exclusively 
Misco pots are sound and correctly pro- 
portioned to achieve maximum operat- 
ing efficiency. Misco has many standard 
designs and more than 200 stock sizes. M 
Designs for special requirements will be we 
furnished gladly. Miusco’s experience 1n "ah 
producing thousands of cyanide, lead, > i * 


more uniform 
than any cast tubes 


Member Alloy Casting Research Institute 


MICHIGAN STEEL CASTING COMPANY 


eer Producers 


1980 GUOIN STREET, DETROIT, MICHIGAN 


A dependable source of supply for Furnace parts, Chain, Roller rails, Furnace conveyor rolls. 





Heat and Corrosion Resistant Alloys 


rays, Carburizing and annealing boxes, Retorts, Lead and cyanide pots. Dipping baskets 
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FLEXIBLE 
Quenching 


Made up 
of 51 cast 
and rolled 
N ichrome 
pieces. 
Sectional 
bottom 
tray 
trapped 
by bot 
tom flange 
of center 
stem. 


Spacer 
collars 
slipped 
over 
stem... 
with 
brackets 
. they 
support 
additional 
sectional 
trays. 


Note 
stack 
rods and 
lift rods. 
Trays re 
moved as 
complete 
units or 
in quarter 
sections 
from fur 
nace to 
suit the 
working 
require 
ments. 





Here's the latest contribution of D-H Engineers to the 
art of quenching—a sectional fixture permitting stack- 
ing or suspending work in many different combina- 
tions, and the removal of work from vertical or pit 
furnace in sections or in a single load. 


An ingenious design and a nice piece of casting 
(trays, brackets, center stem and spacing collars) 
and nice rolling (stack and lift rods, bolts and nuts) 
work so typical of the Driver-Harris plant. 

D-H engineers can readily assist you in evolving the 
most practical design for your quenching and other 
heat resistant equipment. So send along that prob- 
lem for suggestions, specifications, quotations. 


DRIVER-HARRIS COMPANY 


HARRISON, N.J. 








KEEPING PACE WITH PRODUCTION 


This modern instrument solves 
your hardness testing problem 


Capacity— 
2600 tests per hour. 


Accuracy— 


Within standard test 
bar limits. 


Tolerance— 


In excess of .125" 
variation. 


Loading— 
Major and Miner, 
DEAD WEIGHT, 
fully automatic and 
CONSTANT; 60 Kg; 
100 Kg; 150 Kg. 





Bulletin on request 
Model “PR” 


PYRO-ELECTRO INSTRUMENT CO. 
7323-5 W. Chicago Blvd. Detroit, Mich. 




















FURNACES | 
of all kinds 


FORGING. HEAT TREATING. METAL 
MELTING, ETC. 
* 


CAR TYPE FURNACES, CONVEYOR 
FURNACES and the STEWART GASIFIER 
* 

A Stewart representative is located near you. Let us 


know and we will see that he gets in touch with 
you quickly. 


CHICAGO FLEXIBLE SHAFT CO. 


1104 South Central Avenue, Chicago, U. S. A. 
FLEXIBLE SHAFT CO., Ltd., 321 Weston Rd., $., Toronto, Ontario, Can. 
Eastern Branch Office: 11 W. 42nd St., New York, N. Y. 
| 




















marco | 
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UNIQUE 
DESIGN 


ASSURES... 
sensitive control 
with accurate 
measurement 
and long 
maintenance- 
free life 









Fast recording with slow mechanical motion 
feature the Foxboro balancing mechanism 
Its unique rolling action is silent and endur 
ing. Its response to thermocouple changes is 
instantaneous and accurate with a uniform 
sensitivity over the entire scale. Foxboro 
combines slide wire contact, recording pen 
and control actuating mechanism in one in 
tegral unit. They move as one... no linkages 
belts or gears between them to cause inaccu 
racies. Every change in measurement effects 
a corresponding movement of the recording 
pen and the control actuating mechanism 
Precision temperature control is the unvary 
ing result. » » » Contact construction permits 
a flexibility that makes possible the opera 
tion of both regulating apparatus and signals 
from one instrument. All of the features that 
contribute to make this new instrument out 
standing are given in complete detail in Bul 
letin 765. Write for a copy. 


THE FOXBORO COMPANY 
52 Neponset Avenue, Foxboro, Mass., U.S.A. 


Branch Offices in 25 Principal Cities 


FOXBORO— 


REG. U.S. PAT. OFF 


RECORDING CONTROLLING PYROMETER 
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The LECTRODRYER is widely used for drying con- 
trolled atmospheres. Many manufacturers of gas 
producing equipment include the LECTRODRYER 
whenever thorough dryness is desired. Dewpoints 
of minus 40 degrees C. and lower are readily ob- 
tained. If the HeO content of your controlled 
atmosphere gas is too high, investigate the LECTRO- 
DRYER. 


PITTSBURGH LECTRODRYER 


CORPORATION 


32nd STREET AND ALLEGHENY RIVER PITTSBURGH, PA 
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ULCAN” 


break OF 
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CRUCIBLE STEEL CO. 


ALIQUIPPA, PA. 
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EXHAUST VALVES 


Sfarts on page of 
The ftollowing combinations of valve and 
insert are worth considering It should be = said 
that in no case is the modern high duty engine 


using valves without stellite or Brightray seats 


ComMBI INSERT 
NATION VALVI MATERIAI 
\ D.T.D. 49-b Stellited mR 
B D.T.D. 49-b Stellited N.M.C. Stellited 
( D.T.D. 49-b Stellited D.T.D. 49-b 
1) D.T.D. 49-b Stellited D.T.D. 49-b 
Stellited 
| D.T.D. 49-b with Brightray Silcrome No. 1 
| D.T.D. 49-b with Brightray D.T.D. 49-b 


Combinations B and E are in service today in 
some of our most powerful aero engines. Thi 
author prefers E, because Brightray has superior: 
corrosion resistance and appears less prone to gul 
tering; furthermore, Silcrome has better heat con- 
ductivity compared to N.M.C. Silerome is not so 
resistant as D.T.D. 49-b to hot and cold corrosion 
attack, and if any trouble is experienced from this 
source, F might be a suitable combination, although 
there are no indications, as yet, to show that Sil 


crome will prove to be unsatistactory in this 


respect. American practice generally is along 
the lines suggested in C. N.M.C. has been proved 


a good insert material, but, of the two, D.T.D. 49-b 
is preferred, because it has superior resistance to 
hot corrosion attack and less tendency to loosen, in 
the case of the plain insert. 

Stem Wear and Stem Guides - Great impor 
tance attaches to the stem of the valve, the guid 
and its cooling. The stem itself should be as hard 
as possible and have a good finish. The latter has 
been receiving much recent attention from Amel! 
ican automotive engineers, where the practice ot 
honing tor valve stems, tappet faces and pistons ts 
rapidly spreading. 

The valve stem is honed by placing a numbe! 
of valves horizontally on a wheel (rotating table 
rotating the valves and the lower wheel, and givin; 
an upper wheel both a circular and an oscillating 
motion along the valve stem. 

rhe finish given to the bore of the valve guide 
is no less important than that of the valve stem 
Reaming is the usual method employed in England; 
the Americans, however, consider broaching mort 
satisfactory. The clearance between the valve stem 
and the guide should be as small as practicabl 
Not only does this assist in removal of the heat 
from the hot end of the valve stem, but modern 
experience has shown that a small initial stem and 
guide clearance results in a lower rate of weal 


between the two (Continued on page 9S 
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Lis than ONE INCH of 
"4 £A35Y-510 


makes this reliable joint 


ee 
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, 
« 
a 
HE brazing of this oil float is typical of the small 
amount of EASY-FLO it takes to make sound. 
ductile, leak-proof joints. 
Production records in this case show that 75 joints. 
P 2.36" in circumference. are made from one ounce 
- 66") of |,” EASY-FLO wire. 
ee -p° . . 
. The actual EASY-FLO cost is but six tenths of a 
cent per joint. One operator brazes 70 floats per 
.. hour. 
‘ 
= , 
& Complete costs. including EASY-FLO, HANDY 
” 


FLUX. gases and labor. are only 1.69 cents per joint, 


There are hundreds of production jobs like this 
where Low Temperature Silver Brazing with EASY- 


FLO has proved that it is LOW COST BRAZING. 


If vou have ferrous or non-ferrous metals to join. 
find out what EASY-FLO can do for you. Write u- 
for full details ask for Bulletin Lol-MP. 


HANDY AND HARMAN : 82 Fulton St., New York 
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Year After Year 
Sentry Excells 





Sources of 


INFORMATION ON 
ALLOY CASTINGS 


1. Your Own Experience 
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2. Alloy Manufacturers 


3. The Book of 


Stainless Steels 


The increasing popularity of Sentry Model “Y” Furnaces 

evidences their outstanding performance in the modern 

heat treatment of High Speed Steels containing 
MOLYBDENUM—-TUNGSTEN—-COBALT 

BETTER TOOLS LOWER COSTS 

Send samples for demonstration hardening and ask about 


positive Atmospheric Control. 


THE SENTRY COMPANY 


I oxboro, Mass. 


The new and enlarged 2nd Edition 


contains chapters on design of heat 




















treating and heat resisting equip- 
ment, foundry practice in the high 
chromium and high chromium- 
nickel alloys, welding of such 
castings, and ten sub-chapters on 
the properties and composition of 
the ten different families of heat 


and corrosion resisting castings 


CARBURIZING 
COMPOUND 


Written by 82 Experts 


Edited by E. E. Thum 


813 Pages 292 Dlustrations 


Price $5.00 


American Society 
for Metals 
CHAR PRODUCTS COMPANY 7016 Euclid Avenue Cleveland 


MERCHANTS BANK BUILDING INDIANAPOLIS AS 
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Listen to what the welders say 


about PAGE Hi-Tensile {” 


Ask any welder who has run Page Hi-Tensile ''G’’ what he thinks of the rod. He’l] 
tell you it's remarkably fast, and gives a bead of surprising smoothness and un- 
usually high ductility. He'll tell you it’s a very quiet rod, with little spatter. Whether 
he has used it on production work, maintenance work or construction work, he will 
have found it practical under all operating conditions. 

Get in touch with your local Page distributor. He has information you should have 
about Hi-Tensile ‘‘'G’’ and other Page welding electrodes. 


BUY ACCO QUALITY in Page Welding electrodes, Page Chain Link Fence, Tru-Lay 
Preformed Wire Rope, Reading-Pratt & Cady Valves, Campbell Abrasive Cutting 
Machines, American Chains (Welded and Weldless), and Wright Hoists. 


PAGE STEEL AND WIRE DIVISION 
MONESSEN, PENNSYLVANIA 


AMERICAN CHAIN & CABLE COMPANY, Inc. 


: AMERICAN CHAIN DIVISION e@ AMERICAN CABLE DIVISION e ANDREW CAMPBELL DIV DN @ FORD CHAIN B r N @ HAZARD WIRE ® . 

DIVISION e HIGHLAND IRON AND STEEL DIVISION e MANLEY MANUFACTURING DIVISION e OWEN SILENT SPRIN MPANY, INC. @ PAGE STEEL AN 
. WIRE DIVISION e READING-PRATT & CADY DIVISION e READING STEEL CASTING DIVISION e WRIGHT MANUFACTURIN Ne! N CANADA MINION 
WS ' — - Arivecre itr e@ THE PARSON HAIN MPANY LTD. @ In Bu ine s for Your Safety 








« HAIN COMPANY, LTD. e IN ENGLAND. BRITISH WIRE PROC 
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B & L LARGE LITTROW SPECTROGRAPH (illus- 
trated) will satisfy the most exacting needs for general 


spectrographic analysis Effectively resolves and dis- 
perses even the most complex spectra. Combines 
superb optical performance, rugged construction and 
convenient operation Wavelength range with quartz 
system—2,100 to 8,000 A. Wavelength range with 
glass system—3,550 to 10,000 A. Plate size 2 110 
and 4 «10 


When an analysis must be completed with ut- 
most speed and accuracy, the chemist finds in 
spectrographic methods, the answer to his problem. 
With B&L Spectrographic Equipment and a sample, 
often so small that analysis by any other method 
may be impractical, the metallurgist can make an 
accurate qualitative or quantitative analysis in a few 
hours. Many industrial laboratories rely on this 
type of equipment for the information so impor- 
tant to research and to control and development 
of manufacturing methods. 


Write for B&L Catalog D-20 illustrating and 
describing all types of B&L Spectrographic Equip- 
ment and Accessories. Address, Bausch & Lomb 
Optical Co., 638 St. Paul St., Rochester, N. Y. 


BAUSCH_& LOMB 
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EXHAUST VALVES 


Apes rat 


Starts on page 34 

It is the author's experience that a hard val 
stem and a hard guide surface is the best combin 
tion in order to combat wear. Hardness is pn 
necessarily the only consideration; the structure 
the material and its resistance to corrosion atta 
are very important. 

The valve guide material generally used 
England is unalloyved cast iron, the guide bein, 
machined from a cast iron bar or from individu 
A chemical specification is as follows 
0.5 to OSG. S 


castings 
C (total) 3.0 max., © (combined 
1.8 to 2.5 S 0.12 max., P OS 
O4to l Individually cast this material has a vet 


close grain with approximately 210 to 250 Brine! 


max. and M 


Picking up of the valve stem on the guide is 
sometimes experienced, often in motorcycle engines 
In such cases the above material is hardened ane 
tempered to about 400 Brinell. In some cases a 
iron containing 1 to 1's nickel and 0.38 to 0.5 
chromium is used for valve guides. 

However, American developments suggest that 
the unalloved east iron guide will probably by 
superseded by the alloy irons of the nickel-chre 
mium or nickel-chromium-molybdenum — variety 
The ordinary cast iron guide has a tendency | 
permanent growth at its flame-exposed end an 
also to bell-mouthing. 

Colwell gives some interesting data on ster 
and guide wear with the alloy irons. He also mei 
tions a nitri-castiron guide made from iron wil 
an addition of chromium and aluminum: “It wi 
harden from 700 to 900 Brinell by nitriding. T! 
total nitriding depth will be 0.008 to 0.010 in. and 
have high hardness for the first 0.003) in Ch 
material has shown remarkable properties as a 
evlinder sleeve and valve guide material which ws 
attribute mostly to the hardness, some to its cor! 
rosion resistance. The surface structure is hard 


iron and chromium nitride needles, intersperse: 


The hard needles take the wear a! 
Field test 


with these guides show six to ten times the life 


with graphite. 
the graphite feeds lubrication. 
a gray iron guide. The guide bore is honed, an 
clearance can be set close.” 

Aircratt engine valves are naturally very care 
fully guided and lubricated under pressure. The 
austenitic valve stems usually are fitted with thi 
bronze sleeves or guides which do not proje 
above the boss. Minimum installation clearance 
Actual operation of 3000 to 4000 hi 


shows wear in many cases of only 0.001 in. on thi 


O.0085 in 


nitrided stem, the maximum wear seldom being 
over 0.004 in.; the guide life guarantee is L000 hi 


and the guides usually last 1200 to 1400 hr 
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Problems 


Tool Steel Made to Solve 
UB-4 


Oil Hardening Tool Steel 


Accuraey 





150 Punches .... Tolerance .0005° 


A typical example of the results obtained with UHB-46 Steel. 
Two master sets were made so close to size that opposing die 
and punch holders could be readily interchanged. 


UDDEHOLM COMPANY OF AMERICA, 


MAIN OFFICE 
155 East 44th St. 


INC. 


OFFICE & WAREHOUSE 
4532 West Palmer St. 





| 14 Stocks from Coast to Coast | 





New York, N. Y. Chicago, IIl. 
Attleboro Ackerlind Steel Co., Inc Los Angeles Jamison Stee! Corr 
Cambridge Austin-Hastings Co., Inc New York Ackerlind Stee! Co., Inc 
Cleveland The Peninsular Steel Co Philadelphia L. Norris Hall. Inc 
Dayton The Peninsular Steel Co Providence Ackerlind Steel Co., In 
Detroit The Peninsular Steel Co San Francisco a Ss 
Grand Rapids The Peninsular Steel Co Toledo The Peninsular Stee! C 





Worcester 


Austin-Hastings Co 


Inc 








January. 
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PURE CARBIDE-FREE 
Aff pir 
Taal 
- 





Tungsten Powder 97-98". 
Pure Manganese ... . 97-99% 
Ferro-Chromium ... .« 60”. 
Pure Chromium... . . 98-99" 


Ferro-Tungsten ..... 75-80" 

Ferro-Titanium .... . 25 

Ferro-Vanadium .. .. 35-40 
1% Silicon 


Send for Pamphlet No. 2021 


Metal & Thermit Corp. 


120 BROADWAY, NEW YORK, N. Y. 


Albany * Pittsburgh + Chicago * South San Francisco * Toronto 


KK @ 2) 


anal 











HEROULT 
Ta tale 


FURNACES 














New type-1',. Floor attached 
to shell tilts with furnace. 





l TSE them for efficient melting and refining of all kinds 
of ferrous materials by either basic or acid process 
including alloy, tool and forging steels, iron and steel 
castings. Any capacity from !, ton to 100 tons; removable 

roof, chute, machine or hand charging. 


AMERICAN BRIDGE COMPANY 


General Offices: Pittsburgh, Pa 
Othces in the larger 


United States Steel Products Co., New York, Export Distributor 
Columbia Steel Co., San Francisco, Pacific Coast Distributor 


UNITED STATES STEEL 











PROBLEMS in HARDNESS TESTING 


Solved at Minimum Cost Our Bulletins Tell How 

For 100% portable hardness testing for metals the 
SCLEROSCOPE is used the world over, described in 
our bulletins S-22 and 8-30. 

For testing rubber our bulletins R-4 and R-5. 

For testing the Qualitative and Quantitative hardness 
under the static method of all known materials including 
dead soft or superhard metals, sub-surface testing, etc., 
send for bulletins M-3, M-6 and M-7 descriptive of the 
MONOTRON, now in general use. 





{ selection from this line will definitely et with your requirements 


THE SHORE INSTRUMENT & MFG. CO. 


Van Wyck Ave. & Carll St. Jamaica, New York, N. Y. 














Dr. Albert Sauveur, 
‘Dean of American Metallurgists 


PRESENTS A 


METALLURGICAL DIALOGUE 


(Autographed by Author) 


\ unique and informal method of presentation wherein 
a master answers his pupil’s question as to “why steel 
hardens when plunged red hot in cold water” is util- 
ized by Dr. Sauveur, Gordon McKay Professor of 
Metallurgy and Metallography in Harvard University, 
in this fundamental discussion of steel metallurgy and 
metallography 

Valuable historical material and a complete, review of 
the various theories of hardening steel are included 


Bound in cloth, 200 pages, 5%x8 in., 12 illustrations - 


A valuable addition to your library. 





Price—$3.00 : 
Send your order and check immediately to | & 
AMERICAN SOCIETY for METALS | ¢ 


7016 Euclid Avenue 








CLEVELAND, os 
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Beret, 


ERE is a useful book for com- 


mercial and job platers. It gives 


concise information about the 
complete group of du Pont products and processes for electroplating. Both 
standard chemicals and products for special finishes are described briefly. 
The convenient grouping will help vou select the most suitable chemical 
for every operation involved in plating. 


This book shows why du Pont is the logical source-of-supply for your 
needs. Every chemical has been specifically compounded for rapid, eco- 
nomical plating. Processes have been worked out carefully in operating 
details so that they can be easily installed and maintained and controlled 
by simple methods. 


The du Pont Technical Service is the result of many years of practical 
experience in the application of these products and processes. This serv- 
ice. as well as technical manuals covering the operation of the various 
processes, is available. Use the coupon below to get a copy of this booklet 
and more information about any specific problem you have in mind. 





Electroplating Divis n. Wilmington, De 


E. I. DU PONT DE NEMOURS & CO.. 





ELECTROPLATING 
CHEMICALS - PROCESSES - SERVICE 


E. I. pu Pont pe Nemours @ Co., Inc. 
Electroplating Division, Wilmington, Delaware 


SALES OFFICES: 
New York City 
Niagara Falis, N. Y. 
El Monte, Calif. 


Chicago, tl. 
Cleveland, Ohio 
Detroit, Mich. 








Januar \. 
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